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APPEAL BRIEF UNDER 37 CFR 6 41-37 

This Appeal Brief is filed pursuant to the "Notice of Appeal to the Board of Patent 
Appeals and Interferences" filed July 6, 2005 and Hie Amendment After Final submitted 
herewith. Applicants respectfully request that this Appeal Brief and the Amendment be entered 
in the case. 

1 . Heat Party in Interest. 

The real parly in interest in this appeal u\ E.L du Pont de Nemours and Company, the 
assignee of the above-referenced patent application. 

2. Related Appeals and Interferences. 

There are no related appeals and/or interferences involving this application or its subject 

matter. 

3 . Status of Claims. 

Claims 1-3, 9-12, 1 7-1 9, 38, 43, 46, 49, 52, and 55-64 have been rejected and are the 

subject of this appeal. Claims 39, 40, 44, 45, 50, and 51 have been objected to but would he 

allowable if rewritten in independent form including all of the limitations of the base claim and 
10/05/2005 HDEHESS1 00000054 16%05 10032717 

01 FC:1402 500.00 DA 

RTA0l/2l88828vl 

PAGE 1 0/63 ■ RCVD AT 9/6/2005 6:36:26 PM [Eastern Daylight rime] * SVR:USPTO-EFXRF-6/24 1 DNISOTOO 1 CSID:9198622260 1 DURATION (mm-ss):3840 



SEP. -06' 05(TUE) 18:32 



ALSTON k BIRD 



TEL:9198622260 



P. 



In re: Abad et ai 
Appl.Nb.: 10/032,717 
Filing Date: October 23, 2001 
Page 2 

any intervening claims (Office Action of 5/6/05, page 13, #7). Claims 4-8, 13-16,20-27,41, 42 p 
47, 48, 53, 54, and 65 have been cancelled. 

4. Status of Amendments. 

Applicants are Wing herewith an Amendment Alter Final in order to cancel claim 65. 
With the entry of this Amendment Alter Final, rhe number ofissues on appeal will be reduced to 
two issues as set forth below. 

5. Summary of Claimed Subject Matter. 

The pending claims ofthe present invention are drawn Lo an isolated nucleic acjd 
comprising a nucleotide sequence having at leafit 90% sequence identity to the nucleotide 
sequence set forth in SEQ ID NO:1 , wherein said nucleotide sequence encodes a polypeptide 
which is pesticidul for at least one pest belonging to the order Coleoptera (see, e.g., page 1 1 , line 
18; page 12, line 10; page 18, line 29; and page 3, line 20). The claims of the present invention 
are also drawn to, a transformed plant comprising in its genome at least one stably incorporated 
nucleotide construct comprising a nucleotide sequence encoding a polypeptide operably linked to 
u promoter that drives expression ofsaid polypeptide, wherein said polypeptide is pcslicidal for 
at least one pest belonging to the order Coleoptera and wherein said nucleotide sequence has at 
least 90% sequence identity to the nucleotide sequence set forth in SEQ ID NO:l (see, e.jj., page 
and line numbers cited above as well as page 7, line 5). The claims of the present invention are 
also drawn to a method for impacting an insect pest comprising introducing into a plant or cell 
thereof at least one nucleotide construct compriiring a nucleotide sequence encoding a 
polypeptide operably linked to a promoter that drives expression of said polypeptide in plant 
cells, wherein said polypeptide is pesticidal for jit least one pest belonging to the order 
Coleoptera and wherein said nucleotide sequence has at least 90% sequence identity to the 
nucleotide sequence set forth in SEQ ID NO: I, whereby an insect pest feeding on said plant or 
cell thereof is impacted (see, e.g., page and line numbers cited above as well as page 7, line 6). 
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6. Grounds of Rejection to be Reviewed on Appeal 

Jssue 1— Whether claims 1-3, 9-12, 17-19, 38, 43, 46, 49, 52, and 55-64 meet the 

enablement requirement of 35 U.S.C. § 1 12, fi nit paragraph- 
Issue 2— Whelher claims 1 -3, 9-1 2, 1 7-19, 38, 43, 46, 49, 52, and 55-64 meet the written 

description requirement of 35 U.S.C. § 1 12, first paragraph. 

7. Grouping of Claims. 

Applicants believe that the claims do nor stand or Tall together. The rejected claims are 
all "sequence identity claims" which contain limitations that require the nucleotide sequence of 
the claims lo share a specified percent of sequence identity to SEQ ID NO; I . However, some of 
the sequence identity claims differ from each other in the minimum percent sequence identity 
that is required and may therefore be found to differ in meeting the requirements of patentability. 
That is, claims 1 , 9, and 1 7 require that the nucleotide sequence has at least 90% sequence 
identity to SEQ ID NO: I , while claims 55, 58, and 63 contain limitations requiring the 
nucleotide sequence In have at least 93% identity lo SEQ ID NO:l. Claims 56, 59, and 64 
contain limitations requiring the nucleotide sequence to have at least 94% identity to SEQ ID 
NO:l, and claims 38, 43, and 49 contain limitations requiring the nucleotide sequence to have at 
least 95% identity to SEQ TD NO:1 . While Applicants believe that all these claims are 
allowable, it is conceivable that among claims with differing requirements for percent sequence 
identity, some claims could be found to meet Ihi; enablement and written description 
requirements while others might not. Therefore, the sequence identity claims do not necessarily 
all stand or fall together. For example, claims requiring at least 93% sequence identity may 
stand or fall separately from those claims requiring at least 95% sequence identity. 

8. Argument. 

(a) Issue 1— Whether claims 1*3, 9*12, 17-19, 38, 43, 46, 49, 52, and S5-64 meet the 
enablement requirement of 35 U.S.C. § 112, first paragraph. 

in the final Office Action (5/6/05, page 2, #4), the Lixamincr rejected claims 1-3, 9-12, 
17-19, 38, 43, 46, 49, 52, and 55-65 under 35 U.S.C. §1 12, first paragraph, because: 
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the specification, while being enabling for nucleic acids encoding SBQ 10 
NO:2 and 10, expression cassettes comprising the nucleic acids, plants and 
seeds comprising a construct comprising the nucleic acid and a method of 
using it to impact a plant pest, does not reasonably provide enablement for 
any nucleic acid that has 90% identity to SEQ TD NO:l , expression 
cassettes comprising the nucleic acid, plants and seeds comprising a 
construct comprising the nucleic acid and a method of using it to impact a 
plant pest 

Applicants are submitting herewith an Amendment After Final to cancel claim 65. 
Accordingly, this rejection will be discussed wixh regard to the remaining sequence identity 
claims. 

The enablement rejection encompasses alaims 1 -3, 9-1 2, 1 7-1 9, 38, 43, 46, 49, 52, and 
55-64. These claims contain limitations that require the nucleotide sequence of the claims to 
share a specified percent of sequence identity to SEQ TD NO:l and thus are referred to herein as 
the "sequence identity claims." Applicants respectfully traverse this rejection and submit that the 
Examiner is applying an extraordinarily high standard of enablement to the present claims, a 
standard that is not properly based on case law or on the statute. 

Applicants note that the arguments contained herein are similar to those in the Appeal 
Brief on the same issues filed jn this case on 6/1/04 in response to the final Office Action oT 
12/3/03. After that Appeal Brief was filed, the Examiner reopened prosecution after making an 
additional rejection under 35 U.S.C. §103. Thai rejection under 35U.S.C. §103 has since been 
withdrawn (see Office Action of 5/6/05, page 2, #3), but the rejections under 35 U.S.C, §J 12 
were similur to those made earlier and are addressed by the following arguments. 

Su pport is provided for the limitations of the claims 
First, guidance is provided as to what sequence alterations maybe made and still provide 
a pesticidal polypeptide encompassed by the claim. As discussed further below, endotoxin genes 
are well known in the art. Applicants have provided the exemplary nucleotide sequence ofSEQ 
LD NO: I and the exemplary amino acid sequence of SEQ TD NO:2, Tndeed, the Office Action 
states that the specification is enabling for nucleic acids encoding RBQ ID NO:2 (Office Action 
of 5/6/05, p. 2, #4, first paragraph), and the Examiner indicated that claims drawn to the 
exemplary disclosed sequences O'.e., claims 39, 40, 44, 45, 50, and 51) would be allowable if 
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rewritten in independent form (Office Action of 5/6/05, p. 13, #7). Applicants farther note that 
the Office Action (5/6/05, page 8, last paragraph) states that "[p]lant transformation and 
construct [ate] of DNA constructs, per se, are enabled." 

The claimed sequences of the invention vary from the exemplary disclosed sequences by 
structural parameters (i.e., percent sequence identity to SEQ ID NO: I; encoding the amino acid 
sequence set forth in SEQ TD NO:2). Guidance for determining percent identity of sequences js 
provided in the specification on pages 33 through 38. Moreover, the independent sequence 
identity cluims (i.e., claims 1, 9 3 and 17) specify that the nucleotide sequence encodes a 
polypeptide which is pesticidal for at least one f>est belonging to the order Coleoptera; therefore, 
these claims (and the claims dependent on them) encompass functional variants. Guidance 
regarding alterations that allow the sequence to retain the specified pesticidal activity is also 
provided (see, e.g. y p. 18 (providing guidance regarding conservative substitutions of amino 
acids) and pp. 1 9-20 (discussing the activity of variants)). 

Methods for assaying the pesticidal activity ofproteins are routine in the art and are also 
described in the specification, for example, on pages 8 and 29 and in the experimental section in 
working examples such as Example 4 (pp. 65-66), Example 6 (p. 67), and Example 7 (p. 69). 
These working examples teach methods for assaying pesticidal activity ofproteins and 
demonstrate results obtained using these assays. Tn this manner, Applicants have provided 
guidance regarding what changes may be made to allow the endotoxin sequence to retain the 
specified pesticidal activity. 

ft thuringiensis o-endotoxins are vyeM-known In the art, and further 
su pport and guidance is provided by work i nojexaniples 
The Examiner concluded in the Advisory Action of2/l 8/04 that <l [t]he specification 
provides no guidance as to which amino acids of SEQ TD NO:2 are critical for function." Tn the 
Office Action of 5/6/05 (page 4, third full paragraph), the Examiner concludes that "[t]he 
specification does not teach how to make nucleic acids encoding Coleopteran pesticidal proteins 
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with 181,217, 253 or 326 substitutions." Applicants respectfully disagree with these 
conclusions 1 . 

As noted above, Applicants have provided the exemplary nucleotide sequence of SEQ TD 

NO: I and the exemplary amino acid sequence ofSEQ TD NO:2. The claimed sequences of the 

invention vary from this sequence by structural parameters (/.a, percent sequence identity to . 

SEQ TD NO:l). As discussed extensively in tht. specification {e.g., pp. 3, 7, 1 1-1 2, IS, 24-25), 

the disclosed exemplary sequence of SEQ TD NO;2 is a Bacillus ihuringiensis Cry-8-)ike 6- 

endotoxin. The B. fhurmgiensis o«endotoxins are an extremely well-characterized group of 

proteins. As discussed in the specification ai pp. 24-25: 

Many ofthe 5-endoloxins arc related to various degrees by similarities in 
their amino acid sequences and tertiary structure, and means for obtaining 
the crystal structures of B. thuringiensis endotoxins are well known. 
Exemplary high-resolution crystal structure solution of both the Cry3A 
and Cry3R polypeptides are available in the literature. The inventors of 
the present invention used the solved structure of the Cry3A gene (Li et 
al (1991) Nature 353; 815-821 2 ) to produce a homology model ofthe 
Cry8 6-endotoxin disclosed and claimed herein as SEQ TD NO:2 10 gain 
insight into the relationship between structure and function of the 
endotoxin, and to design the recombinanlly engineered proteins disclosed 
and claimed herein. A combined consideration of the published 
structural analyses of B. thuringiensis endotoxins and the reported 
function associated with particular structures, motifs, and the like indicates 
that specific regions of the endotoxin are correlated with particular 
functions and discrete steps of the mode of action ofthe protein. J?or 
example, ^-endotoxins isolated from B. thuringiensis are generally 
described as comprising three domains, a seven-helix bundle that is 
involved in pore formation, a three-sheet domain that has been 
implicated in receptor binding, and a hcta-sandwlch motif (Li et ah 
(1991)M?ftre 305: 815-821). r 



' Applicants noie that the Examiner refers throughout the Office Action to various numbers of nucleotide changes 
[e.g., page 3, paragraph 4), almost as if the claims required that these numbers of nucleotide aubsrirulions he made. 
Applicants wish to emphasize thai ihe claims pending in ihe cusc contain limitations that require the nucleotide 
sequence ofthe claims 10 share a spcciJicd percent of sequence identity to SEQ ID NO:l und do not actually require 
the modification of particular numbers of nucleotides, as ihe Bxumiuer seems to suggest throughout the Office 
Action. 

2 Submitted herewith as Appendix A; submitter] with the Amendment of 1/2)/05 as Appendix A- 
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As discussed in more detail in the specification (see, e.g.* p. 25), tbe inventors made use 
of this knowledge in the art to design specific mutations in the Cry8-like proteins to enhance 
their pesticidal activity. This strategy was successful in creating altered endotoxins with 
increased toxicity, as demonstrated by the data presented in working Example 6 (pp. 67-69). 
Thus, as demonstrated by working examples in the specification, those of skill in the art (/.*., the 
inventors) were able, in view of the extensive knowledge in the art about A tfiuringiensis 5- 
endotoxin structure and function, to modify the exemplary wildtype sequences disclosed herein 
to provide variant endotoxins with enhanced pesticidal activity. Jn this manner, the data 
provided in the specification (e.g., Example 6) demonstrate that one of skill in the art would 
know what amino acids could be changed to provide a protein with pesticidal activity. 
Accordingly, Applicants submit that adequate guidance is provided as to which amino acids of 
SEQ ID NO:2 are critical for function. 

The data and working examples provided in the specification also demonstrate the 
enablement of the claimed invention by showing that sequences of the invention that share a 
relatively low percent identity to the exemplary sequence of SEQ TD NO: 1 encode polypeptides 
that have pesticidal activity against several Coleopleran pests. In Example 4 (specification pp. 
65-66), both the full-length endotoxin encoded by SEQ TD NO:1 and a truncated protein encoded 
by SEQ ID NO:15 were assayed for pesticidal activity against southern corn roolwomi. The 
nucleotide sequence of SEQ TD NO; 15 is a truncation of SEQ TD NO:l which shares about 55% 
sequence identity with SEQ ID NO: I. In Example 6 (specification pp. 67-69), several truncated 
proteins were assayed and shown to have pesticidal activity against Colorado potato beetle (sec 
Table 1 , p. 68). These truncated proteins included those encoded by SEQ ID NO: 1 5 and SEQ ID 
NO:l9, which share about 55% and 51 % identity, respectively, to the exemplary nucleic 3cid 
sequence set Forth in SEQ ID NO: 1 (alignments performed using BLAST with default 
parameters). 
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As briefly discussed above, Example 6 ulso provides assay date for a mutated sequence, 
MGSR121 8-1 This NGSR121 8-] mutant includes the amino acid sequence M NGSR" inserted 
between amino acids 164 and 165 of the truncaied endotoxin of SEQ TDNO:16. The nucleotide 
sequence encoding this mutant (SEQ ID NO:1 1 ) shares about 56% sequence identity with the 
exemplary nucleotide sequence of SEQ TD NO:1 , yet as documented by the data provided in 
Example 6, both proteins have pesticidal activity. In addition to this data, the specification also 
provides an exemplary maize-optimized sequence (SEQ fDNO:9) which encodes the same 
pesticidal polypeptide as SEQ ID NO:15 but shores less than 69% sequence identity with it. 
Thus, the specification is replete with working examples of sequences that share a relatively low 
percentage of identity with SEQ TD NO: I and which encode polypeptides having pesticidal 
activity. In fact, the percentage of sequence identity shared by the exemplary SEQ TD NO: I and 
these sequences in the working examples is much lower than the "at least 90%" orthe broadest 
sequence identity claims. 

The Examiner previously dismissed the working examples provided by Applicants, 
concluding that the specification leaches only "a fragment," "a single insertion of 4 amino acids 
in the 669 amino acid long SEQ ID NO: 16," and "nucleic acids encoding SBQ ID NO:2" and 
stating that the specification "is not enabled for nucleic acids that have 90% identity to SjiQ ID 
NO:l but that do not encode SEQ TD NO:2." (Advisory Action of 2/18/04) The Examiner now 
dismisses the working examples provided by Applicants, stating that 44 the percent identity 
variants taught by the specification do not represent the full scope orthe claims" and that "[n]one 
of the working examples in the specification modified 181, 217, 253, or 362 amino acids" 
(Office Action of 5/6/05, page 7, second paragraph through fourth paragraph). 

Applicants respectfully disagree with this analysis and these conclusions. Contrary to the 
Examiner's assertion, it is not necessary to matas and use evciy embodiment within the scope of 
the claims in order for the claims to be enabled. Rather, what is required for enablement is that a 
disclosure must contain sufficient information to enable one skilled in the pertinent art to make 
and use the claimed invention (MPEP § 21 64.01 ). Applicants have provided the exemplary 
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wildtype sequences of SEQ TD NO:1 and the encoded SEQ TDNO:2 and further have 
provided working examples of percent identity variants including both fragments and amino acid 
changes to these exemplary sequences; thus, Applicants have taught representative species of the 
genus of sequences having a particular structural relationship to the exemplary wildtype 
sequences. In view of these teachings, Applicants respectfully submit that the Examiner has pot 
met her burden of establishing a reasonable basis to question the enablement provided Tor the 
claimed invention (MPEP § 2164.04). 

The amount of experimentation required to wake and use the subject 

matter of the claims is not undue 

The Examiner concludes that 4 1hc amount of experimentation required would be undue, 1 ' 

reasoning as follows: 

[MJaking all possible single amino acid substitutions in an 362 J 
nucleotide long nucleic acid like that ofSEQ ID NO:l would require 
making and analyzing 1 9 3621 nucleic acids; these nucleic acids would have 
about 99.99% identity lo SEQ ID NO:] . Making the nucleic acids this 
way would be required because of the lack of guidance provided in the 
specification. Thus , in the instant case, the amount of experimentation 
required would be undue. 

(Office Action of 5/6/05, page 10, second full paragraph) 

Applicants respectfully disagree with this analysis and conclusion. Contrary to the 
Examiner's assertion, it is not necessary to maki? and use every embodiment within the scope of 
the claims in order for the claims to be enabled. Rather, what is required for enablement is that a 
disclosure must contain sufficient information to enable one skilled in Ihe pertinent art to make 
and use the claimed invention (MPEP § 2164.01). 

The Federal Circuit has repeatedly stated that enablement is not precluded by the 
necessity for some experimentation, so long as the experimentation needed to practice the 
invention is not undue, and that a considerable amount of experimentation is permissible if it is 
merely routine or if the specification provides a reasonable amount of guidance as to how the 
experimentation should proceed. Id. In ra tVatvls, 858 F.2d 731, 8 USPQ2d 1400 (Fed Cir 
1 988). Tn the instant case, the quantity of experimentation required lo practice independent 
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claim 1 amounts to two steps; (I) generating a nucleic acid comprising a nucleotide sequence 
that has at least 90% sequence identity to SEQ ID NO:1 ; and (2) assaying the encoded 
polypeptide for functional activity. Such assays , while known in tbe art, have further been 
presented in the specification. One of skill in the art would appreciate that both of these steps are 
within the skill of those in the ait and that this degree of experimentation is not considered 
undue. 

Similarly, the amount of experimentation needed to practice the other sequence identity 
claims is not undue. For example, independent claim 9 recites a transformed plant comprising a 
nucleotide construct that has a nucleotide sequence with at least 90% sequence identity to the 
nucleotide sequence set forth in SEQ TD NO:l and that encodes a polypeptide that is pesiicidal 
for at least one pest belonging to the order Coleoptera. Thus, in addition to the steps required to 
practice independent claim I , independent claim 9 requires the transformation of a plant Plant 
transformation is routine in the art; thus, the amount of experimentation required to practice 
claim 9 is not undue. Similarly, in addition to the steps required to practice independent claim 1 f 
the method of independent claim 1 7 requires that a nucleotide construct be created in which the 
nucleotide sequence is operably linked to a promoter, that the construct be introduced into a 
plant or cell thereof and that an insect pest feeding on said plant or cell is impacted. The 
perfonnance and/or evaluation required by each of these additional steps is wiihin the skill of 
those in the art and would not be considered undue experimentation by those in the art. 
Likewise, the remaining sequence identity claims, which are all dependent on or incorporate the 
limitations of independent claim 1, 9, or 17, contain additional requirements which are equally 
within the skill of those in the art. 

Applicants note that it is now customary in the art to make and assay a number of 
sequences foT a desired function in order to achieve the best results. For example, common 
techniques involve what is often referred to as "shuming/ 1 as descrihed for example in U.S. 
Patent No. 5,837,458, issued November 17, 1998 with inventors Minshull and Stemmer and 
entitled, "Methods and Compositions for Metabolic and Cellular Engineering/' With such 
techniques, iL is common to mutagenize individual sequences or a set of sequences which arc 
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then assayed Tor a desired activity. Such techniques may even make use of a library of 
sequences which is recursively mutageni^ed, screened for function using a functional assay* and 
re-mutngenized in order to find a sequence exhibiting optimal function. Examples of the use of 
such techniques include: Minshull and StemuuT (1999) Current Opinion in Chemical Biology 
3:284-290, entitled "Protein Evolution by Molecular Breeding**; and Christians et at. (1999) 
Nature Biotechnology 17: 259-264, entitled "Directed evolution of thymidine kinase for AZT 
phosphorylation using DNA family shuffling." Such experiments are designed and are intended 
to encompass the generation and testing of a very large number of variant sequences for a desired 
function. As indicated by these and other publications in the art, this level" of experimentation is 
now considered routine in the art and thus would not he considered "undue experimentation" 
under In re Wands, 858 F.2d 731, 8 USPQ2d 1400 (Fed Cir 1988) and In re Jackson, 2 1 7 USPQ 
804, 807 (Bd. Pat. App. & Int. 1982) (holding that a considerable amount of experimentation is 
permitted to practice the invention and is not undue if it is merely routine in the an or if the 
specification provides a reasonable amount of guidance and direction to perform such 
experimentation). 

Further, Applicants note that Dr. Andre \bad submitted a Rule 132 declaration with the 
Amendment of J 12 J/05 3 stating, among other things that the procedures described in Examples 4, 
6, and 7 of the specification are considered "routine." The Examiner has dismissed Dr. Abad's 
declaration us "only providing] opinions, and ones the Declarant is not even sure of (Office 
Action of 5/6/05, page 8, second and third paragraphs). Applicants believe that this summary by 
the Examiner is inaccurate and improper. Applicants maintain that present claims meet the 
enablement standard and believe that the Examiner has not met her burden of showing that the 
practice of the claims would require undue experimentation. 

One of skill in the art couUUnake and use rhe claim ed invention without 

undue experimentation 
Tt is true that some embodiments of the nucleotide sequence which meet the percent 
identity limitation of the claims may not encode a polypeptide that has the specified pcslicidal 
activity. However, one of skill would readily be able to use the asauys taught in the specification 

J Submitted herewith as Appendix C; submitted with the Amendment ofl/21/05 as Appendix C. 
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to determine which nucleotide sequences that met the sequence identity limitations of the claims 
also encoded polypeptides having the specified pesticidal activity. Applicants note that the 
presence of inoperative embodiments within tho scope of the claims docs not render the claims 
invalid. Atlas Powder Co. v. EJ. duPont de Nemours & Co > ISO F.2d 1569, 224 USPQ 409 
(fed. Cir. 1 984). Nor would the amount of experimentation required to test a particular 
polypeptide for pesticidal activity be considered undue by one ofskill in the art, as evidenced by 
the assay results presented in the specification, for example, in working Examples 4 (pp. 65-66), 
6 (p. 67), and 7 (p. 69). The references cited by the Examiner— Lazar et al (1988) Mol Cell 
Biol 8: 1247-52 and Hill et al (1 998) Biochem. Biophys, Res, Comm. 244: 573-577— illustrate 
that one of skill would readily be able to determine whether a particular sequence change 
affected the function of a protein. Accordingly, one of skill in the art would be able to determine 
the functionality of polypeptides encompassed hy the claimed invention without undue 
- experimentation. 

The Federal Circuit has repeatedly stated that enablement is not precluded by the 

necessity for some experimentation, so long ua Ihe experimentation needed to practice the 

invention is not undue. In re Wands, 858 F.2d 731, 8 USPQ2d 1400 (Fed Cir 1988). 

Furthermore, a considerable amount of experimentation is permissible, if it is merely routine, or 

i f the specification provides a reasonable amount ofguidancc in which the experimentation 

should proceed. Id. Applicant$ stress that when evaluating the quantity of experimentation 

required, the court looks to the amount of experimentation required to practice a single 

embodiment of the invention rather than the amount required to practice every embodiment of 

the invention as the Examiner implies. For example, in Wands* the claims at issue were drawn to 

immunoassay methods using any monoclonal antibody having a binding affinity for llbsAg of at 

least 1 0* 9 M. The PTO had taken the position that the claim was not enabled because it would 

take undue experimentation to make the monoclonal antibodies required for the assay. The 

Federal Circuit reversed and held that the claims were enabled, as the amount of experimentation 

required to isolate monoclonal antibodies and screen for those having the correct affinity was not 

undue. See Id. Clearly, the Federal Circuit did not contemplate that every antibody useful in the 

methods of the claim must be identified. Rather, the court considered the amount of 

experimentation required to identify one or a few monoclonal antibodies having the required 
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affinity. See also. Johns Hopkins University v. Celtpro, 931 F. Supp. 303, 324 (D. Del. 1996), 
affd in part, vacated in part, ami remanded, 47 USPQ2d 1 705 (Fed. Cir. 1 998) (stating that 
M [t]he specification need only enable one mode of making the claimed invention.' 1 ). 

Thus, for the reasons discussed above, Applicants respectfully submit that the sequence 
identity claims meet the enablement requirement of 35 U.S.C. §112, first paragraph. Applicants 
have provided the exemplary nucleotide sequence of SEQ ID NO: I and the exemplary amino 
acid sequence of SEQ ID NO:2, Indeed, the Office Action states that the specification is 
enabling for nucleic acids encoding SEQ TD NO:2 (Office Action or5/6/05, p. 2, #4, first 
paragraph), and the Examiner indicated that claxms drawn to the exemplary disclosed sequences 
(/.<?., claims 39. 40, 44, 45, 50, and 51) would bi5 allowable if rewritten in independent form 
(Office Action of 5/6/05, p. 1 3, #7). Based on the knowledge in the art and the guidance 
. provided in the specification, the skilled artisan could choose among possible sequence 
modifications lo produce polypeptides within the sequence identity parameters set forth in the 
r claims and then test these sequence variants lo determine if they retained pesticidal activity. The 
amount of experimentation needed lo perform such an evaluation would not be considered by 
those ofsskill in the artto be undue; therefore, the amount ofguidance presented in the 
specification is sufficient to enable the claims. Accordingly, Applicants respectfully submit tbat 
the Examiner has nol met her burden of establishing a reasonable basis to question the 
enablement provided for the claimed invention (MPEP § 2164.04) and therefore Applicants 
respectfully submit that the Examinees rejection of the sequence identity claims 1-3, 9-12, 1 7- 
J 9, 38, 43, 46, 49, 52, and 55-64 under 35 U.S.C §112, first paragraph, for lack of enablement 
should be reversed. 

Responses io Miscellaneous Statements in the Final Office Action 
The Office Action of 5/6/05 contained numerous statements by the Examiner which 
seemed less relevant to a determination of enablement than those discussed above. Nevertheless, 
in order to be responsive lo the Office Action, Applicants here address those statements in the 
Office Action that were in the portion of the Office Action directed to the enablement rejection 
and that were not addressed earlier in this brief 
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On page 3 of the Office Action of 5/6/0:5 (first and second paragraphs), the Examiner 

states that she is not persuaded by Applicants' tlatemcnts that claims limited to only the exact 

exemplary sequences would not provide Applicants with any meaningful patent protection. The 

Bxaminer explains her reasoning as follows: 

The claims are nol drawn to modification of only a few positions, but to 
modification of up to 362 nucleotides or amino acids. If, as Applicant 
contends, it is 'relatively simple' to modify 362 nucleotides, then it would 
also be 'relatively simple' to modify 363 nucleotides, thus avoiding the 
scope of the claim. Thus, applicant's argument about leaching the public 
to make and use the invention without obtaining any protection it [sic] 
contradictory to Applicant's argument that nucleic acids with 90% identity 
to SEQ ID NO: 1 are enabled. 

Applicants are not sure they understand this statement, but Applicants disagree with both 
■» the Examiner's apparent reasoning and her stated conclusion. The Examiner appears to he 
arguing that because Applicants arc willing to accept some limitations on the scope of their 
claims (i.e., a nucleotide sequence having at least 90% sequence identity to SEQ TD NO:l ), it 
necessarily follows that Applicants' arguments that extremely narrow claims offer no meaningful 
patent protection arc without merit Moreover, the Examiner appears to be arguing that 
somehow Applicants' statements regarding enablement arc contradicted by their willingness to 
accept some limitations on the scope of their claims. Applicants are baffled by this apparent 
reasoning, because none of these conclusions stiem lo follow logically from the statements made 
by the Examiner. Indeed, given the state ofthe art (sec also Rule 132 affidavit of Dr AndnS 
Abad, submitted with Amendment of 1/21/05 4 ), it seems likely that even claims specifying much 
lower percentages of sequence identity could also be circumvented fairly easily; however, the 
Patent Office has been unwilling to allow claims that specify very low percentages of sequence 
identity. Applicants do not see any conflict between seeking claims that the Patent Office has 
been willing to allow in the past (/.a, claims specifying at least 90% sequence identity to a 
particular sequence) and maintaining that claims limited to a particular sequence could be easily 
circumvented by a would-be infringer. 



4 Submitted herewith as Appendix C; submitted with the Amendment of 1/21/05 as Appendix C. 
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For clarity, Applicants' original statement regarding this issue is reproduced below as it 

appeared in Applicants' Amendment of 1/21/05 (pages 7-8); 

The rejected claims contain limitations that require the nucleotide 
sequence of the claims to share a specified percent of sequence identity to 
SEQ ID NO:l and thus are referred to herein as "sequence identity 
claims." The crux of the disagreement about the rejections ofthe 
sequence identity claims is that Applicants believe it is unreasonable for 
the Office Actions to seek to limit the claims to only ihe exact exemplary 
sequences disclosed in the specification because as is well known to those 
of skill in the ait, it is a relatively simple task to modify a nucleotide 
sequence and corresponding amino acid sequence at a few positions to 
generate a protein that retains the; full activity ofthe original — that is, it is 
easy for one of skill in the art to essentially duplicate the claimed 
invention using a slightly modified sequence. However, such a sequence 
would fall outside the literal scope of a claim that was drawn only to the 
original sequence. Thus, if the claims are limited to the exact exemplary 
sequence disclosed as suggested in the Office Action (10/21/2004, page 2, 
#4), Applicants will in fact have taught the public how to make and use 
the invention without obtaining any meaningful protection which provides 
the incentive to invention contemplated in the Constitution (Article L 
Section 8, clause S, which gives Congress the power tl [f|° promote the 
Progress of Science and useful Arts, by securing for limited times to 
Authors and Inventors the exclusive Right to their respective Writings and 
Discoveries/ 1 ) Accordingly. Applicants respectfully submit that sequence 
identity claims should be viewed favorably and that the pending claims 
should be allowed. 



On page 3 ofthe Office Action of 5/6/OS (third and fourth paragraphs), the Examiner 
states that Applicants* statements were not persuasive where Applicants stated that claims 
specifying at least 93%, 94%, and 95% sequence identity were ignored. Applicants note that the 
enablement rejection in the Office Action of J 2/ 3/03 which was the subject ofthe first appeal in 
this case did indeed ignore these claim limitations, and Applicants raised the point in their 
subsequent response to ensure that these claims were considered separately in case they would be 
found to be enabled where claims specifying lower percentages of sequence identity were not. 

In this regard, Applicants also wish to clarify another issue raised by the Examiner. 

Applicants note that the Examiner refers throughout the Office Action to various numbers of 

nucleotide changes (e.g., page 3, paragraph 4), silmost as if the claims required that these 
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numbers of nucleotide substitutions be made. Applicants wish to emphasize that the claims 
pending in the case contain limitations that require the nucleotide sequence of the claims to share 
a specified percent of sequence identity to SEQ ID NO:] , /.*?., at least 90% sequence identity. 
The claims do not, as the Examiner seems to suggest, require the modification of particular 
numbers of nucleotides (sec, e.g. 9 page 3, fourth paragraph; page 4, second paragraph and fourth 
paragraph; paragraph bridging pages 4-5; page :>, second full paragraph; page 6, first fljll 
paragraph; page 6, last paragraph; page 7, fourth paragraph; page 8, first and last paragraphs), 



On page 5 of the Office Action of 5/6/0^ (third and fourth full paragraphs), the Examiner 

states that Applicants' assertions that those of skill in the art are aware of conserved regions of 

the Cry endotoxins are unpersuasive. For clarity, Applicants* original statement regarding the 

Pfam alignments submitted with the Amendment of 1/21/05 (page 1 2) is reproduced below: 

In addition to the tertiary structure of an exemplary Cry endotoxin taught 
by the Li reference, those of skill in the art are aware of conserved regions 
of the Cry endotoxins. Provided herewith as Appendix B is an alignment 
of exemplary SEQ ID NO:2 with the Pfam consensus domains for 
endotoxins, which are referred to as "Endotoxin N," "Endotoxin M," and 
"Endotoxin C" (Pfam accession numbers PF03945, PF00555, and 
PF03&44, respectively, descriptions of which are also attached as 
Appendix B). The Pfam database provides a curated collection of well- 
characterized protein family domains with high quality alignments, (t is 
well known in the ait that regions of sequence homology with known 
functional domains may be used to determine protein function and to 
identify what regions of a protein arc particularly conserved (and therefore 
less likely to tolerate mutations) as well as what regions of a protein are 
less conserved (and therefore more likely to tolerate mutations). 
Accordingly, Applicants submit that the novel exemplary sequences 
disclosed in the specification, combined with the knowledge of one 
familiar with the art! provide adequate guidance us to which amino acids 
of SEQ TD NO:2 may be modi fk4 while allowing the prolein to retain 
pesticidal activity. 

The Pfam alignments submitted with the Amendment of 1/21 /05 5 include detailed 
domain descriptions for each of "Endotoxin N," "Endotoxin M" and "Endotoxin C"; each of 



5 Submitted herewith a,s Appendix B; submitted with the .JVTncndmunl or 1/21/05 as Appendix B, 
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these descriptions cites the Li reference 6 (Li el al (1991) Nature 353: 81 5-821) discussed in the 

specification and discussed herein at length earlier as well as Schnepf et al (1998) Microbiol 

Mol Biol Rev. 62: 775-806, indicating that the critical information regarding these domains was 

known in the art well before the present application was filed. 

Moreover, the very passage of the 1 991 Li reference cited by the Examiner (Office 

Action of 5/6/05, page 5, fourth full paragraph) emphasizes Applicants* point regarding the 

extensive knowledge in the art regarding Cry endotoxins. This passage (Li reference p. 81 5, 

column I) is as follows: 

The fi-endotoxins are a family of insecticida] proteins produced by 
Bacillus thur'mgiensis (B.t,) during sporulation, having relative molecular 
masses (Mr) 60,000-70,000 (6GK-70K) in the active form and specific 
toxicities against insects in the orders of Lepidopteva, Diptera, and 
Coleoptera. These toxins have been formulated into commercial 
insecticides for three decades, and now insect-resistant plants are 
engineered by transformation wiLh Lepidoptera-specific toxin genes. Tn 
the bacleri urn 5 -endotoxins are synthesized a*protoxins of M r s 70K- 
135K and crystallize as a parasporal inclusion ~lf* in size, in which form 
they are ingested by the susceptible insect. The microcrystal dissolves in 
the alkaline pH of the m idgut and the proioxin is cleaved by gut proteases 
to release the active toxin. 5 -Endotoxins activated in vitro bind 
specifically and with high affinity (ko *0.1-20 nM) to protein receptors on 
brush-border membrane vesicles derived from the gut epithelium of target 
insects and create leakage channels of 1 0-20 A diameter in the cell 
membrane. In vivo such membrane lesions lead to swelling and lysis of 
the gut epithelium and death of the insect ensues through starvation and 
septicaemia. Active 5 -endotoxins ofdirrercnt specificities show five 
strongly conserved regions in their amino-acid sequences. Exchanging 
aequenee segments in the divergent regions between toxins of different 
specificities can produce active hybrids showing altered target specificity. 
We have determined the atomic structure of a Colcoptera-specific o - 
endotoxin (CrylllA, beetle toxin) from B.i. subsp, tenehrionis to elucidate 
the structural basis for target specificity and membrane perforation by this 
family of proteins. 

In summary, there is an extensive amount of information known in the art about the Cry 
endotoxins. While Applicants do not believe that such extensive characterization would be 
necessary in order to enable sequence identity claims, it seems clear that the amount of 



ft Submitted herewith as Appendix A; submitted wilh tbc Amcwjmiart of 1/21/05 as Appendix A. 
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information known in Ihe art regarding Cry endotoxins should be deemed to provide sufficient 
guidance to one of skill in the art as to which regions of these proteins arc mope or less likely to 
tolerate mutations while still providing pesticidal aciivity. 

On page 9 ofthc Office Action of 5/6/0:5 (first and second paragraphs), the Examiner 
concludes that it is not persuasive when Appliciints argue that it is customary in the art to make 
and assay a number of sequences for a desired function in order to achieve the best results and 
that this type of experimentation is now considered routine in the art and would not bo 
considered undue. Applicants disagree with this conclusion and arc also confused by the 
Examiner's statements in these paragraphs. 

Applicants thought they had made it clear that they were citing the Christians and 
1 Minshull references to illustrate generally that it is indeed customary in the art to make and assay 
:; a number of sequences in order to obtain sequences having a desired function. These references 
provide additional support regarding the state oFthe art. The Examiner seems to have 
misunderstood this and instead states that "iL is unlikely that [a sequence from the Michaels 
referencej could be used to generate a nucleic acid that encodes a protein with 70% identity to 
SEQ ID NO:2." Applicants are confused as to why the Examiner is speculating as to the 
outcome of such experiments and are not sure how these statements arc relevant to the present 
claims. Applicants are also confused by the last sentence of paragraph 2 on page 9 ofthc Office 
Action ("not predictable, could not be considered because they were not sent.")* If there arc 
additional points in these paragraphs to which Applicants should respond, clarification is 
requested. 

Page 9 ofthc Office Action of 5/6/05 (third and fourth paragraphs) state that "undue trial 

and error experimentation would be required to make and assay vast numbers ofnucleic acids in 

order to find any that fell within the scope of this claims," referring to the Lazar and Hill 

references. As discussed earlier, Applicants believe that this and similar statements illustrate that 

the Examiner is not applying the correct standard to tho present claims. The enablement standard 

requires a disclosure to contain sufficient information to enable one skilled in the pertinent an to 

make and use the claimed invention (MPEP § 21 64.01). Applicants reiterate that the amount of 
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experimentation required to test a particular polypeptide for pesticidal activity would not be 
considered undue by one of skill in the art, as evidenced by the assay results presented in the 
specification, for example, in working Examples 4 (pp. 65-66), 6 (p. 67), and 7 (p. 60), and as 
evidenced by the Rule 132 declaration of Dr- Andre Abad 7 . Further, Applicants reiterate that the 
Lazar and Hill Tolerances mentioned in the Office Action (Lazar et al. (1 988) Mol Cell. Binl. 8: 
1247-52 and Hill et at. (1998) Biochem. Biophys. Res. Comm. 244: 573-577) illustrate that one of 
skill would readily be able to determine whether a particular sequence change affected the 
function of a protein. Accordingly, one of skill in the art would be able to determine the 
functionality of polypeptides encompassed by toe claimed invention without undue 
experimentation. In view of these statements and evidence, Applicants respectfully submit that 
the Examiner has not met her burden of establishing a reasonable basis to question the 
enablement provided for the claimed invention (MPEP § 2164.04) and therefore the rejection of 
the claims for lack orenablcmcnt should be reversed. 

(b) Issue 2— Whether claims J-J, 17-19, 38> 43, 46> 49, 52, and 55-64 meet the 
written description requirement of 35 U>S*C* § 112, first paragraph* 

In the final Office Action (5/6/05, page 10, #5), the Examiner rejected claims 1 -3, 9-1 2, 

1 7-1 9, 38, 43, 46, 49, 52, and 55-65 under 35 US.C. §112, first paragraph: 

[Als containing subject matter that was not described in the specification 
in such a way as to reasonably convey to one skilled in the relevant art that 
the inventors), at the time the application waa filed, had possession of the 
claimed invention. This rejection is repealed for the reasons of record. ... 
Applicant's arguments...have been fully considered but they are not 
persuasive." 

Claim 65 has been cancelled in an Amendment After Final filed herewith. Accordingly, 
this rejection will be discussed with regard to the remaining sequence identity claims. Because 
this rejection is repeated for the reasons of record, Applicants' arguments below are similar lo 
those previously submitted. 

The written description rejection in the final Office Action encompassed claims 1-3, 9- 
12, 17-19, 38, 43, 46, 49, 52, and 55-64. These claims contain limitations that require the 

7 Submitted herewith as Appendix C- submitted with the ^mendmeul of 1/21/05 us Appendix C. 
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nucleotide sequence oFtlie claims to share a specified percent of sequence identity to SEQ TD 
NO; I and thus are referred to herein as the "sequence identity claims.* 1 In maintaining this 
rejection, the Examiner disregards not only Applicants' arguments but also the case law cited in 
those arguments. Applicants respectfully submit that the Examiner is applying an extraordinarily 
high standard of written description to the present claims, a standard that is not property based on 
case law or on the statute. 

As an initial matter, Applicants note that the written description rejection in the final 
Office Action of 12/3/03 only referred to the claim limitation that requires nucleotide sequences 
to have ai least 90% sequence identity to SEQ JD NO: ] , but some of the claims included in that 
rejection specified at least 93%, 94%, and 95% sequence identity (Le., claims 55, 58, and 63 
(93%), claims 56, S9, and 64 (94%), and claims 38 % 43, and 49 (95%)). Applicants believe that 
some of these claims might be deemed to be allowable whereas others might not and therefore 
request that they be considered separately. 

Tn this regard, Applicants also wish to clarify another issue raised by the Examiner. 
Applicants note that the Examiner refers throughout the Office Action to various numbers oT 
nucleotide changes (e.g., page 3, paragraph 4), almost as if the claims required that these 
numbers of nucleotide substitutions be made. Applicants wish to emphasize that the claims 
pending in the case contain limitations that require the nucleotide sequence orthe claims to share 
a specified percent of sequence identity to SEQ ID NO: I, i.e.* at least 90%, sequence identity. 
The claims do not, as the Examiner seems to suggest, require the modification of particular 
numbers ofnucleotidcs (sec, page U, second paragraph; paragraph bridging pages 11-12; 
paragraph bridging pages 1 2-1 3; page 13, second full paragraph). 

Also, Applicants note that in the Office Action of 12/03/03 (page 4, #4, 3d paragraph ), 
the Examiner stated that "nucleic acids that have 90% identity to SEQ ID NO:1 am predictable, 
nucleic acids that have 90% identity to SEQ JD NO: 1 AND that encode pesticidal proteins arc 
not" (emphasis added). Thus, the written description rejection was made on the grounds that 
there is inadequate description of sequences that both meet the sequence identity requirement of 
the cJnims and also meet ihe functional requirement (/.<?., that the encoded polypeptide has 
pesticidal activity). 
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The claims meet the wriu eq descri ption requirement as articulated by the 
Federal Circuit 

Applicants respectfully submit that the present claims and specification meet the written 
description requirement of 35 U.S.C. §112, first; paragraph, as clarified by University of 
California v. Eli Lilly ami Co., 1 L9 F.3d ] 559, 1569, 43 USPQ2d 1398 (Fed. Cir, 1997) and ■ 
Amgen Inc. v. Chugui Pharmaceutical Co., 927F.2d 1200, ]8 USPQ24 1016 (Fed. Cir. 1991); 
cert, denied 1 12 S.Ct. 169 (1991). Applicants have provided exemplary sequences of the 
invention as set forth in SEQ TD NO:1 . Tndeed, in the final Office Action of 5/6/05, the 
Examiner has indicated that claims drawn to tht» exemplary disclosed sequences (i.e., claims 39, 
40, 44, 45, 50, and 51) would be allowable if rewritten in independent form. The claimed 
nucleic acids arc defined in relation to the exemplary disclosed nucleotide sequence of SEQ TD 
NO: 1; that is, the claimed nucleic acids comprise nucleotide sequences that share a specified 
percentage of sequence identity with SEQ JD NO: 1 . Applicants have thus provided a structural 
definition of the sequencer of the invention. Applicants have also provided assays by which 
those of skill in the ait can readily assess whether a nucleic acid molecule meeting the nucleotide 
sequence element of the claims also meets the functional limitation element of the claims. This 
is what Ell Lilly requires, and Applicants have also conceived the sequences of the invention us 
articulated in Amgen; that is, Applicants are able "to envision the detailed constitution of a gene 
so as to distinguish il from other materials, as well as a method for obtaining it." Amgen, 18 
USPQ2d at 1021. 

Applicants farther note that the Federal Circuit has explicitly stated that: 

Eli Lilly did not hold that all functional descriptions of genetic material 
necessarily fail as a matter of law to meet the written description 
requirement; rather, the requirement may be satisfied if in the knowledge 
of the art the disclosed function is sufficiently correlated to a particular, 
known structure. 

Amgen. Inc. v. Hoechsi Marion Roussel, Inc., 3 14 F.3d 1 31 3, 1 332, 65 USPQ2d 1385, 139S 
(Fed. Cir. 2003). See also, Moba. B. V. v. Diamond Automation, Inc., 325 F.3d 1306, 1320, 66 
USPQ2d 1429, 1438 (noting that "[i]n more recent cases, however, this court has distinguished 
Lilly" and further noting that in Enzo Biochem, Inc. v. Gen-Probe, Inc., 323 F.3d 956 (Fed. Cir. 
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2002), "neither the specification nor the deposited biological material recited the precise 
'structure, fonnul^ chemical name, or physical properties' required by Lilly. 99 ) 

B. thuringiensis ^-endotoxins are well-known in the art, and further 

su pport is provided in the specification with working examples 

As discussed extensively in the specificntion (e.g., on pp. 3, 7, J 1-12, 15, 24-25), the 

disclosed exemplary sequence of S£Q ID NO:2 is a Bacillus thuringiensis Cry-B-like fi- 

endotoxio. The A thuringiensis 6-endotoxins are an extremely well-characterized group of 

proteins. As discussed in the specification at pp. 24-25: 

The inventors of the present invention used die solved structure of the 
CryiA gene (Li et ai 099\)Naiure 353: 815-821} 8 to produce a 
homology Tnodel of the Cry8 6-endoioxin disclosed and claimed herein as 
SEQ ID NO:2 to gain insight into the relationship between structure and 
function of the endotoxin, and to design Ihe recomhinantly engineered 
proteins disclosed and claimed herein, A combined consideration of the 
published structural analyses cf A thuringiensis endotoxins and the 
reported function associated with particular structures, motifs, and the like 
indicates that specific regions of the endotoxin are correlated with 
particular functions and discrete steps of the mode of action of the protein. 
For example, 2 -endotoxins isolated from A thuringiensis arc generally 
described as comprising three domains, n seven-helix bundle that is 
involved in pore formation, a three-sheet domain that has been 
implicated in receptor binding, and a beta-sandwich motif (Li et ah 
(1991) Nature, 305: 815-821). 

As discussed in more detail in the specification on p. 25, the inventors made use ofthis 
knowledge to design specific mutations in the Cry8-1ike proteins to enhance their pesticidal 
activity. This strategy was successful in creating altered endotoxins with increased toxicity, as 
demonstrated by the data presented in working laxample 6. Thus, the inventors were able, in 
view of the extensive knowledge in the art about A thuringiensis 6-endotoxins, to modify the 
exemplary wildtype sequences disclosed herein to provide an endotoxin with enhanced pesticidal 
activity. 
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This knowledge in the art is also reflected in Ihe Pfam alignments submitted by 
Applicants with the Amendment of 1/2 1 /05 9 , which include detailed domain descriptions for 
each of "Endotoxin N f " "Endotoxin M," and "Endotoxin C"; each of these descriptions cites the 
Li reference (Li et al. (1 991) Nature 353: 81 5-821 ) discussed in the specification and discussed 
herein at length earlier as well as Schnepf el at. (1 998) Microbiol Mot. BioL Rey. 62: 775-806, 
indicating that the critical information regarding these domains was known in the art well before 
the present application was filed. 

In this manner, the data provided in the specification (e.g. % Example 6) demonstrate that 
one ofskill would know what amino acids could be changed to provide a protein with pcsticidal 
activity. Accordingly* Applicants submit that adequate guidance is provided as to which amino 
acids of SEQ ID NO:2 arc critical for function wid that therefore, Applicants have envisioned the 
detailed construction of the gene to distinguish it from other materiuls, thereby meeting the 
written description requirement. 

Applicants note that in the final Office Action of 1 2/3/03, the Examiner slated that 
"Applicant has not described even one nucleic acid that ... has 90% identity to SEQ ID NO: J 
AND that encodes a pesticjdal protein." Now in the final Office Action of 5/6/0i(page 12, lust 
paragraph), the Examiner states that the fragments and variants taught in the specification "are 
not sufficient to describe nucleic acid l$ic] within the full scope of the claims." Applicants 
respectfully disagree with these conclusions. The specification teaches a number of nucleic acids 
that share relatively low percent sequence identity with SEQ ID NO.l but encode proteins 
having pesticjdal activity. In Example 4 (speculation pp. 65-66), both the full-length endotoxin 
encoded by SEQ ID NO:] and a truncated protein encoded by SEQ ID NO:l 5 were assayed for 
pesticidal activity against southern com rootworm. The nucleotide sequence of SEQ ID NO:15 
is a truncation ofSRQ IDNO:l which shares about 55% sequence identity with SEQ IDNO:l. 
In Example 6 (specification pp. 67-69), several truncated proteins were assayed and shown to 
have pesticjdal activity against Colorado potato beetle (see Table 1, p. 68). These truncated 
proteins included those encoded by SEQ ID NOUS and SliQ ID NO:lS>, which share about 55% 
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and 51% identity, respectively, to the exemplar/ nucleic acid sequence set forth in SEQ ID NO:1 
(alignments performed using BLAST with default parameters). Another mutant assayed for 
pesticidal activity in Example 6 was NGSR1213-1 (encoded by SEQ ID NO: 1 1). The 
NGSRI218-1 mutant includes the amino acid sequence "NGSR" inserted between amino acids 
164 and 165 of the truncated endotoxin of SEQ IDNO:16. The nucleotide sequence encoding 
this mutant (SEQ TD NO;1 1) shares about 56% sequence identity with the exemplary nucleotide 
sequence of SEQ ID NO:1 , yet both encoded pioteins havepcsticidal activity. The specification 
also teaches an exemplary maize-optimized sequence (SEQ TD NO:9), which encodes the same 
pcstieidal polypeptide as SEQ ID NO:15 but shares less than 69% sequence identity with it. 
Thus, the present specification provides multiple working examples illustrating the production of 
sequences that encode pesticidal proteins and share a relatively low percentage of sequence 
identity with SBQ ID NO:1 . Multiple working examples are presented, illustrating that 
Applicants were in possession of the claimed invention at the lime of filing. 

In light of the above statements, Applicants respectfully assert that the present claims and 
specification satisfy the statutory written description requirement Accordingly, Applicants 
respectfully request that the rejection of the sequence identity claims under 35 U.S.C. §1 12, first , 
paragraph, be reversed. 
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CONCLUSION 

Tn view of the arguments presentee] above, Applicants contend that euch ofclaims 1-3, 0- 
1 2, 1 7-19, 3S-40, 43-46, 49-52, and 55-64 is patentable. Therefore, reversal of the rejections 
under 35 U.S.C. §112, first paragraph, is respectfully solicited. 

Tfm the opinion of the Examiner, a telephone conference would expedite the prosecution 
of the subject Application, the Examiner is invilcd to call the undersigned. 

It is not believed that extensions of time or fees for net addition of claims ure required, 
heyond those that may otherwise be provided for in documents accompanying this paper. 
However, in the event that additional extensions of time are necessary to allow consideration of 
this paper, such extensions are hereby petitioned under 37 CFR § 1.136(a), and any fee required 
therefor (including fees for net addition ofclaims) is hereby authorized to be charged to Deposit 
Account No. 1 6^0605. 

Respectfully submitted, 



Leigh W. Thome 
Registration No. 47,992 
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APPEALED CLAIMS 

1. (Previously Presented) An isolated nucleic acid comprising a nucleotide sequence 
having al least 90% sequence identity to the nucleotide sequence set forth in SEQ ID NO: \ , 
wherein said nucleotide sequence encodes a polypeptide which is pesticidal for at least one pest 
belonging to the order Colcoptera. 

2. (Original) The nucleic acid according to claim I, wherein the nucleotide 
sequence is optimized for expression in a plant. 

3. (Original) An expression cassette comprising a nucleic acid according to claim 1, 
wherein said nucleotide sequence is operably linked to a promoter that drives expression in a 
microorganism or in a plant cell. 

4-8 (Canceled) 

9. (Previously Presented) A transformed plant comprising in its genome at least one 
stably incorporated nucleotide construct comprising a nucleotide sequence encoding a 
polypeptide operably linked to a promoter that drives expression ofsaid polypeptide, wherein 
said polypeptide is peslicidal for at least one pest belonging to the order Coleoptera and wherein 
said nucleotide sequence has at least 00% sequence identity to the nucleotide sequence set forth 
in SEQ IDNOrl. 

1 0. (Original) The plant according to claim 9, wherein the plant is a monocot. 

1 1 . (Original) The plant according to claim 9, wherein said plant is a dicot. 

12. (Original) Transformed seed of the plant according to claim 9. 
13-16 (Canceled) 

17. (Previously Presented) A method for impacting an insect pest comprising 
introducing into a plant or cell thereof at least one nucleotide construct comprising a nucleotide 

rnW0!/2IRR»2Rvl 
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sequence encoding a polypeptide operably linked to a promoter that drives expression of said 
polypeptide in plant cells, wherein said polypeptide js pcsticidal for at least one pest belonging to 
the order Colcoptera and wherein said nucleotide sequence has at least 90% sequence identity to 
the nucleotide sequence set Forth in SEQ JD NO:l , whereby an insect pest feeding on said plant 
or cell thereof is impacted. 

1 S. (Previously Presented) The method according to claim ] 7, wherein the plant 
produces a polypeptide characterized by pesticidal activity against at leust one pest ofthc order 
Coleoplera. 

1 9. (Previously Presented) The method according to claim 1 8, wherein said insect 
pest is selected from the group consisting of Colorado potato beetle, western corn roolwonn, 
southern com rootworm, and boll weevil. 

20-37 (Canceled) 

38. (Previously Presented) The nucleic acid of claim 1 , wherein said nucleotide 
sequence has at leust 95% identity to the nucleotide sequence set forth in SEQ JD NO:l. 

39. (Previously Presented) The nucleic acid of claim I, wherein said nucleotide 
sequence encodes the amino acid sequence set forth in SEQ ID NO:2. 

40. (Previously Presented) The nucleic acid of claim 1, wherein said nucleotide 
sequence is set forth in SEQ TD NO:l . 

41-42. (Canceled) 

43. (Previously Presented) The transformed plant of claim 9, wherein said nucleotide 
sequence has at least 95% identity to the nucleotide sequence set forth in SBQ TD NO:l . 

2 
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44. (Previously Presented) The trannformcd plant of claim 9, wherein said nucleotide 
sequence encodes the amino acid sequence set forth in SEQ ID NO'2, 

45. (Previously Presented) The transformed plant of claim 9, wherein said nucleotide 
sequence is sel forth in SEQ ID NO:l . 

46. (Previously Presented) The transformed plant ofclaim 9, wherein said nucleotide 
sequence is optimized for expression in a plant 

47-48 (Canceled) 

49. (Previously Presenled) The method ofclaim 17, wherein said nucleotide 
sequence has at least 95% identity to the nucleotide sequence set forth in SEQ ID NO: J . 

50. (Previously Presented) The method o Tel aim 1 7, wherein said nucleotide 
sequence encodes the amino acid sequence set forth in SEQ TD NO:2. 

51. (Previously Presented) The method ofclaim 17, wherein said nucleotide 
sequence is set forth in SEQ ID NO:l. 

52. (Previously Presented) The method ofclaim 1 7, wherein said nucleotide 
sequence is optimized for expression in a plant. 

53-54 (Canceled) 

55. (Previously Presented) The nucleic acid ofclaim 1 , wherein said nucleotide 
sequence has at least 93% sequence identity to the nucleotide sequence set forth in SEQ ID 
NO:l. 

3 
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56. (Previously Presented) The nucleic acid of claim 1 , wherein said nucleotide 
sequence has at least 94% sequence identity to (he nucleotide sequence set forth in SEQ TD 
NO:l. 

57. (Previously Presented) The nucleic acid of claim 1, wherein said nucleotide 
sequence is optimized for expression in a plant. 

58. (Previously Presented) The transformed plant of claim 9, wherein said nucleotide 
.sequence has at least 93% sequence identity to the sequence set forth in SEQ ID NO: I. 

59. (Previously Presented) The tramitormed plant of claim 9, wherein said nucleotide 
sequence has at least 94% sequence identity to ihe sequence set forth in SEQ ID NO;l . 

60. (Previously Presented) The plant of claim 57, wherein said plant is a dicol. 

61. (Previously Presented) The plant of claim 57, wherein said plant is amonocot. 

62. (Previously Presented) The plant of claim 57, wherein said monocot is maize, 

63. (Previously Presented) The method of claim 17, wherein said nucleotide 
sequence has at least 93% sequence identity to the sequence set forth in SEQ TD NO; I . 

64. (Previously Presented) The method of claim 1 7, wherein said nucleotide 
sequence has at least 94% sequence identity to the sequence set forth in SEQ TD MO:l . 

65. (Canceled) 
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Crystal structure of insecticidal S-endotoxin 
from Bacillus thuringiensis at 2.S A resolution 

Jade LP, Joe Carroll* & David J. Ellar* 

* Mojfcal Rasaarch Council Laboratory of Molecular Biology. Hlb RM4 <^ri<«e 
t Biochemistry Department. Cambridge Unive rsity, Tennis Court Ro*a. CamEnd&o C 1 I3 1QW, tj^ 

The structure of the ^endotoxin from Bacillus 
thuringiensis subsp. tenebrionls that is specifically 
toxic to Coleoptera insects (beetle toxin) has been 
determined at 2.5 A resolution. It comprises three 
domains which are r from the N- to C-termini, a 
seven-helix bundle, a three-sheet domain, and a p 
sandwich. The core of the molecule encompassing 
all the domain interfaces is built from conserved 
sequence segments of the active ^endotoxins. 
Therefore the structure represents the general fold 
of this family of insecticidal proteins. The bundle 
of long, hydrophobic and amphlpathic helices is 
equipped for pore formation in the insect mem- 
brane, and regions of the three-sheet domain are 
probably responsible for receptor binding. 

THE 6-cndotoxins arc a family or insecticidal proteins produced 
by BucMus thurinsiensis (B,l.) during spoliation, havmy relative 
molecular masses (M r ) 60,000-70,000 ((iO»C70K) in the active 
form and specific toxicities again*! inserts in the orders or 
tepidoptera, Diptera and Coleoptcra 1 -. These toxins Have been 
formulated into commercial insecticides Tor iliree decades . and 
now insect-resistant plants are engineered by irunsrorTnauon 
wiih Lepidopicra-spcciHc toxin S cn« " ■ In the ^cienum 5- 
endotoxins are synthesized as prow*ins of 70K-135K and 
crysittllize as a parasporul inclusion ~1 m in sizc r in *bich rorm 
they are ingested by the susceptible inseci. The microcrystal 
diwolvcs in Uie alkaline pH of ihe midgut and the proloxin is 
clcuved by gut proteases to release the active coxin. S-Endotoxins 
aciivuted in vitro bind specifically and with high nffinity {k 0 = 
0.1-20 nM) iq protein receptors on brush-border memhrane 
vesicleii derived Trom the gut epithelium or target insect^ ■ and 
ertnee lenkage channels of 10-20 A diameter in the cell mem- 
branc ,u . In vivo such mcmOrane legions lead to swelling and 
lysis or the gut epithelium" and death or the in*ect ensues 
through starvation and septicaemia. Active ^-endotoxins of 
difTerent specificities show five strongly conserved regions in 
their amino-acid sequences 1 ,,a . Exchanging sequence scsmeiits 
in the divergent regions between toxins of different specificities 
can produce active hybrids showing altered target 
specifidty ,i * ,i . We have determined the atomic structure of a 



Culcoptcra-specirlc fi-endotoxin (CryUiA, beetle toxin) from 
B i subsp. tenebrionis**-" to elucidate the structural basih ror 
target specificity and membrane perforation by this Tamtly or 
proteins, 

Structure determhattpn 

p f ,rasporfil crystal* or the beetle toxin contain the full-length 
644-residue protoxin 17 as the minor component, and n P^ du « 
of bacterial processing with 57 residues removed rom the N- 
terminus as the major component 1 *. The latter (M r o'M is 
similar in sequence to the active rorm of other fi-endotoxms- 
After solubilization, papain cleavage converts the mixture to the 
6*'K toxin (see legend to Tabic 1). This was rccTysiallized m the 
original crystal form of the paraspoval crystal s> space group 
C222 t and cell dimensions U7.1 by 134 2 by 104.5 A, coniaimnjs 
one molecule per asymmetric unit and 55% solvent by volume . 

Initial evaluation of derivatives was carried out at 4.5 A resol- 
ution with d«»a collected on the FAST TV d i fTraciomcter* using 
CuKtf radiation. Complete datascts (Table 1) were then collec- 
ted to 2.5 K resolution rrom native crystals using the imaging 
plate systems at the EMBL outstation at DESY and from the 
mercury and platinum derivatives on film at S*S Daresbury. 
Ihe electron density map (Fig. I) al 2.5 A resolution calculated 
vrirh phases from multiple isomorphous replacement {mean 
Tgure or merit, 0.63) whs easily interpretable and was improved 
\ y solvent fiatiening 11 ' 53 . A continuous polypeptide chain from 
residue 61 to residue 644 at the C terminus was traced unam- 
biguously, and most side-chain atnms could be located in the 
man. The aiomic model was built using the graphics program 
O (ref. 23) and had an initial fl-facior of 37% for 'Mm"? 
:;.5 A. After preliminary rertnemcnl using the program iVPLON 
(ref. 24), the currcni model, containing 584 amino a r ci<3 n r «idues 
imd 40 bound water molecules, has an Reactor of 19.9% and 
,.m,s. bond length deviation or 0.017 A- 

Description of the structure 

Overview, The beetle toxin is a wedge-shaped molecule wiih a 
,-adius of gyration of 58 A- As shown in Fig- 2n, it composes 
vhree domains. Domain I. from the N terminus of the 67JC toxin 
io residue 290, is a seven-helix bundle in which u central helix 
is complexly surrounded by six outer helices tilted at about 
^20° to it (Fig, 3o,c). Domain II, from residues 291 to 500, 
contains three antiparajlel /3 sheets packed around a hydro- 
phobic core with a trinngulnr cross-section (Fig. 4). Domain III. 
From residues 501 to 644 at the C terminus i* a sandwich or two 



antiparallel P sheets (Rg- 5). Domains 1 and III make up the 
\ spcciliaty - *-. we na^c ucicuuiiibw — - ■— ■ • ^ ^ g 
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TABLE 3 Data collecwon and phasing stqtrslics 
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rneflSLiremenEs 


Native 

Hfi(CH 3 CDO) a 
W*-Pl(NM^ a C| 3 

HoCj 3 


imafle piqre 
Mm 
film 
film 
FAST 
FAST 


a 
7 
5 
7 
i 

X 


2.5 
2.5 
2.5 
2.5 
4-5 
4.S 


121,767 
103,623 
60224 
86,629 
21,143 
20,013 


Phasing statistics 










perivath/6 


Anomalous data Number of sites 




rifi(Crkcoo>a 

HoCl 3 


no 
yee 
no 
no 
no 


3 
6 
5 
4 
3 


o.ida 
0.247 

0.185 
0.149 

0.095 



Unique mftecUons 




{% completeness) 




27.727 HOP) 


aioa 


27.767 (100) 




23.919 (94.5) 


0.103 


25,924 (943) 


0.107 


4,680 (1001 


0.077 


4,701 tlOQ) 


0069 



"buia* 
0 715 
0G09 
0.682 
0.757 
0.741 



Phasing powerfi 
(resotjtioo. A) 

l.5<| (2.5) 
2.211 (2.5) 
*.S*. (2.5) 
».2f><5.5) 
1-32 (5.0) 



Protein prtyartion: Sofubijized poraspora! dy^lals from St suosp tervMonis were Incubdiod at 0 5 ma ml -1 oroteln wlm oi3G ,^.tc ftM 
?££p s h^ 3 :* l* mM r M6 ^ HaC00, » ,w 14 * m tart* prop** iw^iNUA for ^ in saiu^wd tt*olo! ^ a mm! 

^^^^^ 



centTlcMw ^ S D ^L l ^lf^,r al ,Tv lfllnB slte i w£,r " f0uwl * HOSHilwwl ittYwMG* Fourth. Hesvy-W paTam^rs wTa^&J^ 

e Men-resolution dertvaiivai gave an overall n^ure of itiuril of 0.61 (25- 2.5 A) and 

m usk« ifte p,oar«m 0 fraf. 23) *,rh ma Boms apUon for roa.n-*ain tracing and ihT^uiobuilo and ErfER? Km£Tc 



~f T Df 0 61 "> 5 A) and 




smnmed over centric data only. 



this reflection, 
native 

heavy-atom sifiictufa taci.x ampiliua: 



{j Ppastng power =</g/£ th« r.m.s. heavy-atom struct^ factor amplitudes divided by the residual fcc|< p| closure 



bulky end of the molecule. Through their contact one of the 
two fi sheet* in domain 1(1 is almost entirely buried. To our 
knowledge (see, for example, ref. 25), the packing of helices in 
domain I and of sheets in domain fl are both novel arrange- 
menuj. 

Domain I. The Central hell* in this seven-helfx bundle hi a 5 (Fig. 
36,c), which U oriented with its C lerrninu* towards the bulky 
end or ipe molecule. Viewed from this end, the outer helices 
arc arranged itnticlockwisc in the order of «, , rr,, a : , a,,, a c 
and with helices and a 7 adjacent to the ftshect domains; 
a, is interniptcd by b non-helical secijon and only th« leading 
half, a 249 is packed again*. <v a . Figure 3a shows the alignment 
of ammo-acid sequence on the surfaces of the helices. Trie 
helices are Ions, especially ttj to which contain respectively 
H, 7, 6, 0 unci 7 complete helical turn* and hence woulo be long 
enough to span the 30-A thick hydrophobic region of a mem- 
brun« bitayer. Furthermore, the six outer helices hcHr b strip of 
hydrophobic residues (deHncd by qG>0 for transfer Trom oil 
co water) down ihcir entire length on the side-facing helix a fi( 
so ihey are amphipaihic. In keeping with the general observation 
that secondury structures are dose-packed and bun hydro- 
phobic surfaces- 6 , the helix conwer angles in this dnmqi.i cluster 
around *20" rather than -50°. giving the bundle a bnut|uei-like 
appearance (fig. Figure 3c shows the bundle ni cross- 
section. The interlTclicul space: contains 27 aromatic residues 
which arc packed in the edge-to-face fashion"; nil pola,- groups 
in this region are hydrogen-bonded *>r in salt bridges. 



The concentric arrangement of the scvcn helix bundle is di* 
tinct from the two-layered type seen in bacieriorhodopsin. Ther 
is some resemblance lo ihe pore-forming domain of colictn A 21 
in which two hydrophobic helices arc shielded from solvent h; 
eight umphiphilie helices, but the colicin helices are generall; 
shorter. Like the colicin helices, the bundle in rhe buetle toxii 
may be a soluble form of packaging for the hydrophobic an' 
omphiphilic helices that will form pores In the membrane aftc 
a large chungc in conformation. 

Domain II. Tn Fig. 4o and 46 the three sheets of this domain an 
laid sidc-Uy-side, as they would be seen from the solvent. Then 
is an apparent structural duplication between the four-scran dct: 
antiparallel sheets, sheet 1 and sheet 2. The chain connections 
ft . ft, 0j» 05 ancj p 7 , fa t p Qi respectively, follow the ordei 
or +3 k -I, -l , +3, which is typical of the Greck-key" tc»po|ogy 29 
From boih sheers ihe inner sirands, 0i and p z as well as /?, «nc 
ft, extend some 20 A to ihe upcx of c|ie mo(ecu|'! as two- 
stranded p ribbons; and at ihe point of departure from th* 
sheets there is u £-buige in ft and in p 7 to twist the plane m 
the ribbon by nearly 90" relative to the sheet. The connections 
between the ouicr strands croi* over the ribbons on the soJvem 
side. 

The pseudo-symmetry between these sheets is very approxi- 
mate. Using the least squares option in O (ref. 21), the sheet 
region or the strands ft and 0, can be brought to superimpose 
on chai of 0 7 and with a r .m.s. fit of 0.72 A for 13 c* carbons. 



But the r.rn.s. fit incri*a<f-rl m t I A r«r n y carboi^ or the 
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FKL 1 Electron density map In the neighooumoorj 
of Cys 243. calculated a, using combined phase* 40 
from multiple Isomorphous replacement and sol- 
vent flattening, and o, using combined experi- 
mental and model phases 48 after refinement by 
X-PLDR. Tne refined structure {& shown superim- 
posed for reference. Although Cys 243 1$ a major 
site of ooth me rnetnyimercwy OVW) and mercuric 
acetate (MA) derivatives, me methyl mercury site 
Is In a hydrophobic envUronment compared with 
the mercuric aooteie elte. 




whole inner strands including the ribbon region, and 1.7 A for 
, 36 a carbons on all four strands. Nonetheless, the Sequence 
alignment brought by this superposition of the two sheets 
revealed a law level of internal homology, with seven pairs or 
equivalent residues (shown in bold) out oT41 aliened or carbons: 

339 rmiQFnTflFQ?(6)CFHTWS(llHYVfiTaPSl{0)Qa»?DlITSr?aO|Rl.HW w 
♦02 AT*ITTHL^TWP(Q)BAVT5lJ(MTJfV^flQYM{3)DliUBT0 # TVJ)$(7 JHWnal 4*3 

The three-stranded sheet 3 is formed by two separate polypep- 
tide segments. The C-tcnttinal segment of 4omain U contributes 
the two-stranded ribbon of and . whereas tt)£ N«Lerrnina! 
segment of this domain contributes strand fit , which is hydro- 
gen-bonded 10 flu; flt <* M lowed by a two-Jurn helix a* and 
an extended chain. 

Figure 4 c and 4 shows in side view and in cross-section I hat 
the three antipqrallcl sheets are packed around a triangular 
hydrophobic core. This brings the strand p t(t on the edge of 
sheet 3 into proximity with strand 0 4 on the edge of sheet J, as 
well as placing the loops at the end of the three /} ribbons into 
a region of about 12 A radius at the molecular apex. This domain 
is in contact with helix of domain I on the face or sheet 3 
(Fig. 4c). 

Domain 111. Figure 5 is a ribbon drawing or the strands forming 
the two sheets of the /J sandwich. The sheet containing the 
< C-termtnal strand is in contact with domain I and will be called 
I the inner sheet. This domain has the 'jelly-roll' topology 20 , 
jj because it can be generated by folding an antiparalle) p ribbon 
which starts with p l3 (N terminus) und 0« (C terminus) on the 
\ inner sheet, and ends in the loop betwoen p lt and 0 }Q on the 
\ outer sheet; /3 t4 is a short excursion from this ribbon and forms 
j the fifth antiparallcl strand of the outer sheet. In addition, small 
I parallel sheets are formed at the edge of the 0 sandwich through 
| hydrogen bonding of strand 0 (1 to /9, 6 at the edge of the outer 
E sheet, and Q% to 0i? at the edflc of the inner sheet. 
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Pistribtflon of conserved sequences. The core of the beetle toxin 
molecule encompassing the domain interfaces is built from the 
five sequence blocks thut are highly conserved throughout the 
^endotoxin family 1 (Fig. 2b t c). Block 1, located in the beetle 
toxin sequence at residues 189-218. corresponds to the central 
hdix (a s ) of the bundle in domain I. Block 2, residues 239-305, 
overlaps with the latter half of c* fti and with a 7 and the 
latter hydrogen-bonds to the edge of the inner sheet in domain 
TIT before forming part of the three-stranded sheet 3 in domain 
II. Block 3, residues 491-538, overlaps with the latter parr of 
0,,. where it is hydrogen-bonded to 0,„ and with the loops 
connecting domains II and TIT. The remainder of block 3 
together with blocks 4 and 5, namely residues 560-569 and 633 
to the C terminus, respecii very, constitute the three buried 
strands of the inner antiparallel sheet in domain III. T|ie high 
degree of conservation of internal residues implies that 
horn ft logons proteins would adopt a similar fold. Using the 
beetle toxin structure as a mode), we can therefore propuse a 
basis for the in*ecticjdal activity of 6-cndotoxins a* a family. 

Basis of insecticldal function 

Solubility. The beetle toxin crystals are isornorphou* with the 
parasacral crystals 1 *- 10 and show the molecular contacts respon- 
sible for solubility behaviour in vivo. Four intcrmolccular salt 
bridges, Asp 142-Argl65, Asp 224- Arg 562, Asp590-Arg 178, 
and Glu 223-Lys 293. arc located at contacts to three different 
neighbouring molecules. .Such salt bridges keep the protoxin 
crystals insoluble until exposed to the extreme pi Is in the insect 
midgut. 

Proteolytic activation, Pro-fi-endotoxins have of cither 
~ 130 K or ~70K. Activniion by larval gut proteases removes 
the C-terminal half of the larger praioxjns 10, and cleaves them 
at residue 28 or 20 from the N terminus. The smaller proioxinb, 
such as that of the beetle toxin, arc processed only at the N 
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R& 2 Ov»n*w. « SctumaHcrtotav 

Mconttery structure atsiRnmenrs 
<W The polypeptide pathway Is indl- 

2!^™?^ ^ ** in *• rain. 
Dow order, from red or the N terminus 
tobiueai 1^ c terminus. Tha t£Z 
domains ere; l a soven-hellx bundle 

*« ««• * P &sndw|ch fupp a ; 
rifOttJ-Thls and mi following ifjustratiana 
of the structure are made Hrh the 
program MOLSCRJPT*. * £ ™ 
i/ace : (stsreoview) of me metoule «n h 
the five conserved sequence blocks 

poMifon*. In u tne view is as m a and 
In c ii is > ttown the oo n rroj hell* of the 
bundte from the bufcy end of £ 
molecule; c shows mat the central heiu 

?LZ£TJ m * the inner sheet of 
domain fit are cuneerve* t> shows thai 
the rwiioea at the domain Ml tnierface 
and the loops at the domain IHH inter- 
net - 5 ° rt to ? serve * Na» In c the 
helix pacfune of sa around one m 

Zr 22 ^ * a ^ce viewed gfong tha c ante 
half of the una can 

^^ntalmhfl four motecutes. Thl 
other half or in* cell related to this 

^/!i^l Una5j at ft*? The Slack. 
Ing of both (ayora ltf3W}3 GGfVQm ^ 

note ihar averse can aior* mt c 

direction, TTio fv terminus of tho 

molecule (arrow) is accessible from 

mesa channels. 
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' FIG. 3 The seven- heli* Buncue, a Hehcal nets 
■ showing the position of ammo-acid residues atone 
' iho 7 helices: (63-7©), ct 3 (p a , t 65-98 and 
oap, 104-U7), rr 3 <12$-Xi&), a« (160-lfi5». o B 
U93-214), a 6 (222-254) and », (2S9-285). The 
cylindrical surface pf ihe helices are cur longi- 
tudinally on the side facing ine solvent and flat- 
tened to givo a view from mo iniorjor oMhe Dund"!*. 
The top of the drawing corresponds to the bufoy 
Bnd of ihe whole molecule. Owing to tf|ijng of the 
outer holicBs, different helices are In register verti- 
cally only at a level indicated by two arrows pwnred 
at a, and <r 7 ; n s Is the central hell*. Dotted; curves 
outline Ttie strip of hydrophobic residues oown iho 
inward surf aeo or the other sU helices, b. Crt vace 
(sterooviow) for the Dunae viewed perpendicular 
to o b . The relative tilt or the outer fiwices 10 o 5 
ana UY*\ between adjacent outer heleces are borh 
about 20*. The Co trace is shaded grey over 
helices a I to *3 in the DacK striped over helix 
aS in the centre, and white over helices a 4. a 5. 
and a 7 In the front c Ci ass-section of the bundle 
at the level indicated by Ihe arrows in a. viewed 
from the bulky end of the molecule, ine hanical 
BacKBone is represented by curly ribbons passing 
through the Ca positions. Tho outer heiicos ore 
positioned roughly hoxuganaily arauno tlw cenirai 
one and tilted relative to ii so tho bundle forms 
a jeft-frandud supernal!*. The aromatic side chains 
are pocked m an edge-to-foce fashion. Hyarogen 
bonds are snown for skse-cnam atoms. 
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terminus |,, J - when: about 50 residues are removed. The activated 
S-cndoioxins show a con^rved C-icrminus, so-culled sequence 
block 5 (rer. I), its position as the middle strand of* the buried 
0 sheet in dornuin III precludes further processing from the C 
term in u.s. In fact deletion from this silc by 4 to 6 residue* results 
in inactive imitunls with alter-d -ulupiliry and imnmnn- 
gentrity* " . This is not surprising its the inner sheet am h c 
expected to play a critical pan in the structural integrity and 
stability of the toxins through interaction with the helical bundle. 

At the N-iermmal cleavage sites the di He rem pro toxin 
sequences show locally similar hydropathy profile.-* 1 **", which 
would be consistent with a common topology ferine N-terminal 
region of the activated toxins as seen in the helical bundle of 



ihe beetle tnxm. In crystals of the beetle jnxin. the N terminus 
at the start of helix * t borders on a lurgc solvent channel or 
abuui 30 A diameter that crosses the unit cell along the c direc- 
tion (Fig. 2d). This channel could allow access of sporulation- 
nssociated proteases tn the cleavage site in purasporal crystals 1 ". 
Receptor hmfflng. The ipsectieidal selectivity uf ,5-endoioxins is 
due to high-affinity binding to specific mcmbrnne receptors 7 " 0 ^, 
which in three cases seem to be glycoproteins™*'". For several' 



—w... »w jjijvu|J|mh.III3 . I U| 3CVLI il | 

fi-endoinxins the speciticity^cletermining regions hove been 
deliniiled by exchanging sequence segment!, between closely 
related toxin- of differing specificities' 3 - 11 . Guided by the locn- 
lion or secondary structures in the beeite toxin, a plaus- 
ible alignment or ^-endotoxin sequent was made for the non- 
rVATURF • VOf . 91 nr-Trwo 1 ooi 
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RG. 4 The three sheets of domain h. a Scnamatu 
ribbon drawing of Khasrs i. 2. and 3 laid slde-by 
side. Each is viowed from the exterior of it* 
domain- Mole dm GreeK-koy topoiogj' qf sheets j 
and 2 and (ho simllarlly between iheir fold, t 
Hydrogen bonding ol the polypeptide oadtbone for 
the three sheets. The 0 strands am jhown by the 
moin»chain atqms and oy the residue numbarB qi 
men ends; connecting strands are sruwn as colls 
c Co trace of the tnrGO assembted sheets ir» 
domain || viuwad toward^ domain r .srereoviow) 
The C« trace is shaded grey ovar shset l. sinpad 
over shoei (|, and white over sheer m. o: Cross, 
sectfon of dnmain D fsreruovtew) mowing the 
pacfung of mroe sheets In a iriangk around a\e 
hydrophobic core. The view is towards durywin III- 



27 t * >u* (rtff - - 12 ' and T ' C ' Hod W ,n, unpublished 
results). Hence the genetically identified* specificiry-deic.rmininfi 
regions u-an be mapped to equivalent positions in the beetle 
oxin structure and ihese fall mainly in domain H. For instance 

distinct It? 0f ^ rVrrA r ° r ^^"1 and Piptera 
C«im ^^.^pjtopteio specificity in ihc close|> related 
5^IL ; dclerm , mcd fa y rcfi ^« 307-3*2 of their sequences^ 
which corresponds roughly to sheet I (Fig. 4a) plus simndV 
in sheet 2 and the loop lending, up .o whereas the U P popiem 



Hi «™ 1 »—"«ine me loop entering /J l0 in sheet 3: y 
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spec ficiry of CryllB Is dependent on a longer se^n.' 4 ihm 
would include both inner strands or sheet 2. Similarly the 
toxtcnes orCrylACn) and Cry! Afc) to two lepidopie™, insects 
depend on three segments termed x. y and z (rcf. } 5): amino-ucid 
-sunsittutions m y can reduce toxicity by up to 2,0lXJ-fo|d and 
!K? V "i nd V - inlCraCl ln dcterm '™S Specificity Aligned 
,T.h, i C # bwrie lOK,M 5lruct ^ ^"icnt x corresponds roughly 
' £S H- Cf 'L rundi A and 0> orfihccf 1 ai "l ^e whol.: of sheet 
_ P Cnt _ en l"A in * hcei 3: y corresponds lo 
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Domain 1 




Domain III 

FK3. 5 Pornaln lu, scnematlc rfrbon representation of iho p sandwich. /3 
strands forming the mnor sh«Jt are shaded gray. The topology of an 
eiSiTirandBti 'jelly-roil' can bo seen by following me 0 nairnin swtts 
with 5i3. ana fl„ in it» inner subcl continuing w Pio arid 0„ in me 
^ 0„ un^ 0 2J . feo in ihe .oner a*ei, and anflinc with fla« 

and flio in the omer sheet. p tt is an encuraion from trie hairpin and form* 
a f.rih antiparaiksl strand of the outer sneet. Small parallel p sheets are 
added to one edge of the P sandwich, oy hydrogen bonding of 0i to p, j 
in the inner sheet anU ft, to 0^0 the outer afteet Rusidue ^numbers ,n 
the /3 strands ore-. fi l9t 603-506; ^ BOQ-Bia 5 ^«* 
536-541; 547-554: 55B-569; 573-679; 0^- 5B5-58X; 
0 2D . 604-609: fa, 611-614: 0 aa , 619-625: and 0„, 631-643. 

strand fl l0 of shcel 3 and the loop connecting /3, n and flu; and 
z extends from 0, , to the C-terminal activation site. Furthermore 
the inieruciion between x and y can be understood in terms of 
the proximity between p 4 on the edge of sheet J and 0 |O on the 



a a„~ «c n h*Pf 3 Although z was inferred 15 to exiend into 
& l£\ ft LSS^^ »»" eenctjes and receptor- 
fdS w *• Upidoptera toxins^' correlates 

recemof recognition with sequence variations within domain 
rCno'eTJ ih"/3 ribbons from all three sheet, term MM 
in loops in a .mail reajon on the molecular apex in a man- 
ner reminiscent or the cnmplemcntanry-detcrminin fi region or 

Pore foi^tlorllTlic common mechanism orepitholial «11 disrup- 
lioWbyTendotosins of widely different specificities is believed 
to b* the formation of lyiic pores or 10 to 20 A diameter in the 
insect membrane". The structure or the >»^^«n^W 
an apparatus for pore formation in the lone,, hydrophobic arid 
amphipathic helicefi or domain T which could penetrate the 
membrane. Between the crystal structure in which the bouquei- 
lik* helical bundle internalizes all the hydrophobic surfaces, 
and the unknown pore structure where hydrophobic surfaces 
would be in intimate contact with the membrane lipids, large 
conformation changes must occur- In the absence or a full 
characterization or the pore-forming process we propose (he 
follpwina by extrapolation from the crystal structure. 

The trigger for the conformational changes may be provided 
by receptor binding and the consequent infraction or toxin 
with the membrane bilayer. Membrane insertion follows rapidly, 
so chat a major p»rt or the bound 5-endor.oxin cannot be dis^ 
placed from the brush-border vesicle* by other toxins recognu- 
R Khe same receptor sites 7 * As domain II and probably its 
apical region are most likely to bind the membrane receptors, 
the helices are expected to insert with the 'domain II end (see 
Fit 2«) oriented towards the cytoplasm. If helical, hairpmsi are 
to initiate the membrane penetration, as probably happens for 
colicin"' 42 - 43 they will probably be linked at the domain 11 end- 
So cither of the helix pairs ™ «. r a, could.bis the lilccly 

initiator. The o^« 7 puir is favoured because it form?, pari ot 
Urn conserved interface with domain 11 and is well positioned 
to sense the receptor binding. On the other hand, helix a s is 
. ini most conserved throughout the family or ^endotoxins. Point 
mutations in a, reduce toxicity or n Upidoptera toxin without 
reducing binding to membranes**. Proteolysis in the mterhc ical 
loops af the domain III end, as in the *>-a A loop 1 , may 
ra^ilitute release or the helix pairs from the ternary structure or 
ihi bundle. The insertion of a hairpin can create a delect m tne 
membrane, allowing the re,t or domain I to participate in pore 
formation in a cooperative manner. U 



Retonfod 32 July; mXflpiel 5wmim 1001 

230-240 (Am. SOC MFrobM. WasNftf ion, PC, 19Bb| 
1 Wilf^i, Cn.tt* m ftoww EnLimtwg: WWlwt m Sow- Medkioo ma H*slry 1*40 

M. 4 Swraa nj 395-«3 lAwcfcrrtte. N« T«m. tSWl- 
4. Guilty. W a! at Ktwa 318, 

I pcrt^F lfucw.m.uPobo.0 *..Mcw»rwaP U*rvK\*nti.D a hoc n*n Ac*4 Set 
7. Molmwn C . tain/. P, iuiiw. P. 4 h,^* v Lu, J fl^n«n ^ra as-»l tl*B*l 

id. tejtfULH iOiaj.P i.a«rtm i«^»rfi. /ie» M nao-ajiJtuMTi 

II Emm Y- ft rtamwyifrtj!**-. J i »wrtetif, Path 90-103 uaanx 

12. M**i7-ua T. C & tiiuf.O. J.aOV4S<Wi*MPl.t"-li» _ M M „ ,. Mm 

13 STS x?Sh»«TO*N.l * Oo-rxP H ft« nan 4** "5^ «37-HW UOBO). 

10 WP«irw. W. R- ft WhHd»y. HP-i aa« 172. 3825-3H:^ U«0| 

1U. Ntp. A. nwl^. A. M, L^.^uoh. fi ft SOXwriDr. w i ^ Oironirt Oft. 5l)0-ci6 
1/. r*TW. K. S«ui^ i, Van ,iuur«* ft ft Viv*. M "^ lfll (l M,t 

la. CorroH. J. M. i * EP*« O- ^ flocnora ^ 1U« nuayj. 
20 AirrtU U W Mauv Cft^rn ««, «T2-^aS (ltfflBL 
i Wirtfl. 8 c Hofn fiwia US. 30-112 U0>ttl 

22. |«iio. A.C W *cl*C(ytr*tatr Aft3. 114-126(10871 

« kn*>Z 1 A-Y. Co.^ ft. w. ft Kpnaa^ro. n ^cw rryswto^ A47, 1V)-110 notiil 

: . 2*. WunttW. ft- I. J mt** flffll 203. BOj-fll6 

I 25 Cno^m. C ft HrXtfttm A. V. ^ 60. 100^-1030 IW90|. 

t 



Chnit»4.C. J ov^v Qrot 105. I -I* dOTfti 
eurkiY. S K. A PbI^O, C » Scumw Till. 23-7h llOSSI 
p^jnSf H W, PAii^.f 7u*or. ft- 0 ft Twrfwfllflu. 15 N-fuw 9VT. »J 96M0flSI> 
ftctwdfcW. J S <IV PfttL C»wm 34. Uflfllh 
liflitc H of a/ J ftocn»wn Ml- 373-2BOflOBQl. 

C. T 4 IWflhJit H ftocfwrni*m OB. 1OT71 -10077 U0M| 
w^r t c n Ahrl«m * ft 01* 0 1 J 171. SU1 -i>tO flOBOi 

Pu 4 ^mu, 170. 60S 672 I U#30) 

Sfnncpl. H E A WMtoMv HHA^OlffliMfl. n 3 ?2 62S0 IIO061 
Atv,^ M. J of * m. M0-3OO llflftSl , ^ 

SaHsK R O V.M^Tt-r.M J . Uo^l-nO. R G A ftO-W M 4 *nc „f„ Ac* So, 

^^^!^t^ hSSJh . i- AjtflN-iniin»«-«mNK. c »v**m 

^Va^rlifnA*. w. t * biw. P i W utt lflfl. locate i in M » 
Krw^lco, D K * SO*. P J ' 5«» M « H3 l0j ,inflli1 

A|wv«T w ftEliaf 0 I FWSftftcrof%H OB, »f m« HBOUJ 
Mt»»i.«3*^icn. A * PfWB!^ C^it^ftvr. 30. 306-315 (1C*71 

Rdwl n I Wvt*V**W A43. 140-U9lltl6nj 
lUMAti P X 4«4 Cfr«*»«» ttri tt^ pre ssi 

fSSi iho rating aroous O IP ^nd |C ft*n^oftu sww^i ^ AFW= 

821 



2U 
37. 
3H. 

3£. 
31. 
32, 

3t. 



f ACE 48/83 » RCVD AT 6:36:26 PM [Eastern Daylight Time]* SVRiUSyTO-gXRF-B^ * DNIS:2738200 ' CSID:9198622260 * DU RATION Qnm-ss):3840 



SEP. -06" 05 (TUE) 18 = 59 ALSTON & BIRD TEL : 9 1 98622260 P. 049 



APPENDIX B 



PAGE 49^3 * RCVD AT 9^/2005 6:36:26 PM [EastOTl Dayflght Time}* SVR:U^>TO€FXRF-6/24 * DN1S:27382{)0 * CS!D:9198622260 * DURATION (mm-ss):3840 



SEP. -06'05(TUE) 18 = 59 ALSTON & BIRD 
Pfam HMM search 



TEL: 9198622260 p. 050 

Page 1 of 3 



Pfam 16.0 (Saint Louis) 

game I ADatezpjuoiuenCA J Prowse pfam_.| Keyword search | Taxo nomy search | Swissp fam | 

There are 7 searches queued ahead of you on the Pfam compute 

server. 
Please wait... 

Starting search. Estimated time: 3a seconds (assuming all Wulfpack nodes are running). Please 

Pfam HMM search results, glocal+local alignments merged 
(Pfam_Js+Pfanufs) 

[Go here fgjiariexplanat ion of the format- nf the resu lts] 

M< * el f^m S to q " f"m H to M " s » re v a 1" ue *"3"^»t oescriptio,, 

II EfldGtQXinjs|. 70 293 l 244 457,8 1,2e ^ , , delta endotoxin, 

134 yi Rl N-termlnal domain 

IlEndotpxiiUia 298 513 i 242 204-3 2 '** glocal delta endotoxin 

"«niWn»liL.C 523 663 l 155 121.1 glocal delta endotoxin 



Alignments of top-scoring domains: 

Format for alfgnment of query to Sesd: { Plainte xt 

Endotoxin_N: domain 1 of 1, from 70 to 293: ecore 457. 8, E - 1.2e-134 

^-^qigleivgtlLgalGvfPggQflvgfyBtlildlLWPangpDiienvW 

query 70 AKAAIDXVaXX.LeGLQV-PPVGPlVSIiyTQX-iDILWpeaEKs-- -QW 112 

eaFleqvEqiildQrlBeyvrnrAiarLeGl.gneydteviyXeat.eeWekn 
e+P+eqvEi-LI+QH.I+ey+rin-Af++X < eaL9n+y+ Yl aljeeWe-Hi 
query 113 BlPMI2QVEEIjIlTQKIAEyARKfKAC4SEl*EGI<GNNyQ'- - -LYIiTALEBWEEN 159 

pnnarereaVrtr^nildBlfvnaipBFavoagysenyevlT^PvyAQAA 
pin- r-r +Vr rF+ildslf>+ +peF+vt e v+ + l+vya+aa 
query 160 PNGSRAL^VRNRPEILDSLPT^MPSFRVT-NF-E — -VPFI/TVYAMAA 204 

KLHLlUURDAvifQfirWgltqad Ins t Id ednyYnr.lleriksytdrlCvn 
miHiai^MQA+ifGe+wg ++i.+ ln nyY r+ -M-r+eY+aHCv-r 

query 205 NLHliLI^LTCD AS I FGBEWGWSTTT tN NYYDRQMKLTAEYSDHCVK 240 
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query 



WYNtQLnnlrgtDldaBBWvryi^ryRReMTLtVl,DJ.VAJ.PPnYpprl<-* 
wY tQL++l+gt+ a++Wv+YN++IlReMTlj VLD VAlPf>nYDtr+ 
249 WYETGLAKLKGTS - -AKQWVDYITOFRREMTLAVLDWAI^FPNYDTRT 293 



mm 



Endotoxin^: domain 1 of 1, from 29B to 513: score 204.3, E = 2.5e-5B 

*->tksqiiTRKiyTDPvgevepi36iglaeglcrrWginnyprltPealEna 
tk+ql/TRE+YTpp+g v+ ++ ++++ . hp + p 

query 298 TKAQLTREVYTDPLGAVN VSSIGSWYDKAP- -SFGVIESS 335 

liRePHLfdfLnaltiyTnsBrijplnttldinyWpQhrvteeytggHtln 
iR+PH fd++ It yr q ++++ + i++w+Gh-ht+++++ 
query 336 VII RPPHVFPY 1 TGLTVY TQSR - ft 1 6 SARY - JRHWAOHQ I S YHRVSR 373 

RiieBplyGntcnt^eppvtiepcftimdiYRtlaatBinrlognniiglii 
+++ y<3++ n + ++t+ ftn diy^tla + + gt + 
query 360 GSNLQQMYGTNQN -LHSTSTFD - FTNYDI YKTLSXIIAVI^P - 1 VYPQYT 425 

npingvtrvdFygangtneeioiintyrea . krgnggqrt idoide&Ppet 
+ +9 + v-hP++ n n+++ r +y++ +k + t+de+ eXiPpet 
query 426 YI FFGMpEVEFFMVNQLJJNTRiCriiKYNPVBKDI IAS - -TRDSBXiEIiPPBT 473 

tnePiyeBYSHrLShvtflranl:tqgg0d£itrahvpvF6WTHrSad<-* 
+++P+yeaYSHrI-+h+t++ + + g vpvFsWTHrsad 
query 474 3 DQPNYE 6 YSHRXjCH ITS I pATC INTTGL VPVFSWTHRSAP 513 



ft- 



Endotoxin^: domain 1 of l, from 523 to 6C3 : score i, e = 2.6e-33 

*->ITQIPlVKaynlBegaBVW:GPGFTGGDilrrtpQnGefgtlrvttk 
ITQIP+VK W1<:GPG+TGGP+1 + + a+Ga+gtl + 

query 523 ^TQiPAVKCWDm.PEVPVVlffiPGHTGGDLl^YNRSTGSVGTIiFX*ARY 56$ 

linnpIsqrYRlRlRYASttnlrfivaiiggttsnqfnfpkTmnrgdnye 
++ ♦YR+R+RYA* +++-r+tv+ +q+ pkTmn g e 
570 GX.ALEKAGKYRVRLRYATDADIVLHVN DAQIQMPKTMOTG E 610 



query 



dLtYe&FryaefetpvfspyfpgpqdiltniptlgiqgfapggnqevYID 
dI»t+++F+ a + c+ t+ 1 + +x g ++ B+ ++ vY+p 

query 611 DLTSKTFKVADAITT-LN W.TPSSIiAXiKHNLQEDPNSTIi-SGIVYVD 655 



query 



rlEFIPvn<-* 
rIEFIPv+ 
656 RlEFJPVp 6(53 



m 



NEW! Phylogenomic analysis of query using Rio. 

Given a query sequence, Pfam domain, and species, the RI O serve r will order sequences 
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in the pfam domain by orthology to the query. Many other options are available, and an 
annotated gene tree can be generated and viewed with ATV, The button below will send 
your query and Pfam domain hits to the RIO server. 

mmmmwm 
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Endotoxin N 




Figure 1: Idle 
Toxin 
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Accession number: PF03945 

delta endotoxin, N-termlnal domain 

This family contains Insectlcldal toxins produced by Bacillus species or 
bacteria. During spore formation the bacteria produce crystals op this 
protein. When an Insect ingests these proteins they are activated by 
proteolytic cleavage. The N terminus is cleaved In all of the proteins 
and a C terminal extension Is cleaved In some members. Once 
activated the endotoxin binds to the gut epithelium and causes cell 
lysis leading to duath. This activated region oFthe delta endotoxin Is 
composed of three structural domains. The N-termlnal helical domain 
Is Involved In membrane Insertion and pore formation. The second 
and third domain:; are Involved In receptor binding. 

Description 

This family contains Insectlcldal toxins produced by Bacillus species of 
bacteria. During jjpore formation the bacteria produce crystals of this 
protein. When an Insect Ingests these proteins they are activated by 
proteolytic cleavage. The N-termlnus Is cleaved In all or the proteins 
and a C-termlnal extension Is cleaved In some members. Once 
activated the endotoxin binds to the gut epithelium and causes cell 
lysis leading to d^ath. This activated region of the delta endotoxin Is 
composed of three structural domains. The N-termlnal helical domain 
Is Involved In membrane insertion and pore formation. The second 
and third domains are Involved in receptor binding. 



Description text from IhterPro entry I PRPQ 5039 



Sequence information 



Alignment 

« Seed (38) r Full (173) 

Format: 

(Hyperilnked plain text 



Visualize domain 
structures 

<? Seed (38) O Full (173) 
display |l°,Jgi per page. 
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Species 
distribution 

Tree depth: 
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Literature References 

Ul 

Crystal structure of Insectlcldal delta-en dotoxln from Bacillus thurlnglensls at 
2.S angstroms resolution. 

LI J, Carroll J, Ellar DJ; 
Nature 1991;353:815-821. 

12] 

Bacillus thurlnglensls and Its pestlcldal crystal proteins. 

Schnepf E, Crlckmore N, Van Rle J, Lereclus D, Baum 3, Feltelson J, Zelgler DR, Dean 
DH; 

Microbiol Mol Biol Rev 1998;62:775-806. 

Database References 



HOMSTRAD 

PDB 

SCOP 
INTERPRO 



endotoxin 

115fildiQl.qly.ljl6 
I dle (fami ly) 
1PR005639 



Gathering cutoff 
Trusted cutoff 
Noise cutoff 



HMMER build Information 



Pfam Is fdow nload HMM1 

-55.00 -55.00 
-52.10 -52.10 
-73.30 -73.30 



Pfam fs fdownlo ad HMM1 

10.00 10.00 
10.00 10.00 
9.50 9.90 



Build method of HMM ^ mbu ,^ "L HMM_ j *!f M D M , S rTimbu ^ "I " F HMM 7S D fc 

hmmcallbrate —seed 0 HMMJs hmmcallbrate —seed 0 HMM_fs 

Pfam specific: Information 



Author of entry 
Type definition 
Alignment method of seed 
Source of seed members 



Bateman A, de Maagd R 
Domain 

Arne Eloffson 



Home I Aoalyz<m_sefluenpe I flrqwse PFam | Keyw ord searc h | Taxonomy search | SWlsspfamJ EfernAlyzejil 
Help. 

Comments, questions, flames? Email ^fomj^enetics. wustl.edu> . 
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Figure 1: lclv 
Toxin 

Insectlcldal toxin: 
structure and channel 
formation 

Image from frDtteum database 



Accession number: PF00555 
delta endotoxin 

This family contains Insectlcldal toxins produced by Bacillus spedes of 
bacteria. During s-pore formation the bacteria produce crystals oF this 
protein. When an Insect Ingests these proteins they are activated by 
proteolytic cleavage. The N terminus Is cleaved Ih all oF the proteins 
and a C terminal extension Is cleaved In some members, once 
activated the endotoxin binds to the gut epithelium and causes cell 
lysis leading to disath. This activated region of the delta endotoxin Is 
composed of three structural domains. The N-termlnal helical domain 
Is Involved In membrane Insertion and pore formation, The second 
and third domain? are Involved In receptor binding. 

Description 

This entry contains Insectlcldal toxins produced by 
Bacillus species of bacteria. During spore formation the 
bacteria produce crystals of this protein. When an Insect 
Ingests these proteins they are activated by proteolytic 
cleavage. The N terminus Is cleaved In all of the proteins 
and a otermlnal extension Is cleaved In some members. 
Once activated the endotoxin binds to the gut epithelium 
and causes cell lysis leading to death. This activated 
region of the delta endotoxin Is composed of three 
structural domains- The N-termlnal helical domain Is 
Involved In membrane Insertion and pore formation. The 
second and third domains are Involved In receptor 
binding. 

Description text tort Irttert 3 ™ entry tPR00117B 



Sequence Information 



Alignment Visualize domain Species 

*~ ar^s rt t .. structures distribution 

$ Seed (38) O Full (140) 

<?> Seed (38) O Full (140) Tree depth: 

Format: 
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Literature References 

ti] 

Crystal structure of Insectlcldal delta-endotoxln from Bacillus thuringiensls at 
2.5 angstroms resolution. 

LI J, Carroll J, Ellar D3; 
Nature 1991;353:815-821. 

121 t 

Bacillus thuringiensls and Its pestlcldal crystal proteins. 

Schnepf E, crlckmore N, Van Rle J, Lereclus D, Baum J, Feltelson 3, Zelgler DR, Dean 
DH; 

Microbiol Mol Biol Rev 1998;62:775-806. 

Database References 
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PDB 

PFAMB 

The following Pfam-B family may contain sequences that according to 
Pro do m are members of this Pfam-A family. 

SCOP 

INTERPRO 



endotoxin 
lcly Idle HI6 

P B054837 

Idle ffamllv") 

ip^aojjLza 



Gathering cutoff 
Trusted cutoff 
Noise cutoff 



HMMER buflcl information 



PfamJsXdoJMi.lmd_HMM3 

-30.00 -30.00 
-26.00 -26.00 
-36.80 -36.80 



Pfam fs rdown loa d HMM) 

10.00 10.00 
10.60 10.60 
8.80 9.40 



ri.iih mofhnH «f umm hmmbulld -F HMMJs SEED hmmbulld -f -F HMM_fs SEED 
buiio mecnoa or nmn hrnmca | (brate „ seed n HMM js hmmcallbrate -seed 0 HMM_fs 

Pfam specific information 



Author of entry 
Type definition 



Bateman A, de Maagd R 
Domain 
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Alignment method of seed 

Source of seed members Arne Eloffson 
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toxin 

Insectlcldal toxin: 
structure and channel 
formation 

Image from Pb&sum database 



Accession number: PF03944 
delta endotoxin 

This family contains Insectlcldal toxins produced by Bacillus species of 
bacteria. During spore formation the bacteria produce crystals of this 
protein. When an insect Ingests these proteins they are activated by 
proteolytic cleavage. The N terminus Is cleaved In all of the proteins 
and a C terminal extension Is cleaved In some members. Once 
activated the endotoxin binds to the gut epithelium and causes cell 
lysis loading to dsath. This activated region of the delta endotoxin Is 
composed of three structural domains. The N-termlnal helical domain 
Is Involved In membrane Insertion and pore formation. The second 
and third domains are involved In receptor binding. 

Description 

This family contains Insectlcldal toxins produced by Bacillus species of 
bacteria. During spore formation the bacteria produce crystals or this 
protein. When an Insect Ingests these proteins they are activated by 
proteolytic cleavage. The N-termlnus Is deaved In all of the proteins 
and a C-termlnal extension Is cleaved in some members. Once 
activated the endotoxin binds to the gut epithelium and causes cell 
lysis leading to de ath. This activated region of the delta endotoxin Is 
composed of threa structural domains. The N-termlnal helical domain 
Is Involved In membrane Insertion and pore formation. The second 
and third domain:; are Involved In receptor binding. 
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Alignment 

^ Seed (38) C Full (159) 



Format: 
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Visualize domain 
structures 
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Literature References 

til 

Crystal structure of Insectlcldal delta-endotoxln from Bacillus thuringiensis at 
2.5 angstroms resolution. 

LI J, Carroll J, Ellar DJ; 
Nature 1991;353:815-821. 

t?l 

Bacillus thuringiensis and Its pestlcldal crystal proteins. 

Schnepf E, Crlckmore N, Van Rle J, Lereclus D, Baum J, Feltelson J, Zelgler DR, Dean 
DH; 

Microbiol Mol Biol Rev 1998;62:775-806. 

Database References 

HOMSTRAD endotoxin 

PDB 115Bi£!y.Xd.lc.lJJ6 
SCOP ldlE_Cfan!llyJ. 
INTERPRO tPR005 63g, 

HMMER build Information 

Pfam Is f downlo ad HMM] Pfam fs f download HMM1 

Gathering cutoff -35.00 -35.00 13.00 13.00 

Trusted cutoff -34.80 -34.80 13.50 13.50 

Noise cutoff -36.10-36.10 9.40 9.40 

Build method of HMM hmmtMJ,ld _F HMMJji SEED hmmbulld -f -F HMM_fs SEED 

hmmcallbrate -seed 0 HMMJs hmmcallbrate -seed 0 HMM_fs 

Pfam specific Information 

Author of entry Bateman A, de Maagd R 

Type definition Domain 
Alignment method of seed 

Source of seed members Arne Eloffson 

Rome I Analyze a. sequence | jacaiase.WamL| t^ywijrsL Search. | Taxonomy search | Swlss pram I Pfa mAlyzer | 
Help 

Comments, questions, flames? Email <pfam<^gemtJcs,wusti.i3du>. 
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RULE 132 DECLARATION 
of 

Andre Ahart 

Sir: 

1, Andre Abad, do hereby declare and say as follows: 
I am skilled in the art of the field of the Invention of the Above-referenced application. I 
earned the following academic degrees: BS majoring in mathematics and biochemistry 
fiom the Wisconsin University River Falls In 1978 and Ph.D. from Purdue University 
Department of Agronomy In 1990. My thesis investigated the role of a mitochondrial 
gene in cytoplasm male sterility In beans. From 1979 to 1991, 1 was employed by the 
University of Minnesota, Department of Plant Pathology. Working in Dr. BlancheUe's 
laboratory, we investigated and published numerous manuscripts in the area of woody 
tissue degradation by fnngi, in particular related to the degradation of cell wall 
component by fungal enzymes such as xylanase. From 1996 to 1998, 1 worked in Dr. 
Judy Bond's laboratory at Herehcy Medical Center in Pennsylvania. 1 was involved in 
charoctcrfcation of mouse meprin receptors and generated the constructs and ES cells 
necessary for producing transgenic mice targeting the knockout of meprin. Since 1999. 
Pioneer Hi-Bred has employed mo. My current responsibility as a research scientist is to 

RTA0t/ll7J269vl 
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lead a research team for insecllddal protein optimization and genomic screening of 
BucMus thurtnglensis ONA for novel Inseoucidal genes 

1 . I ant familiar with the experiments described in tbc above-mentioned 
application. Particularly, the procedures described la Examples 4, 6, and 7 orthc above- 
mentioned application are considered "routine" by scientists who arc familiar with 
research on endotoxins. Moreover, the production of plants expressing proteins having 
pesticldal activity, while it is a time-consuming and laborious task, is also considered 
"rounW by scientists who are responsible for producing such plants. 

2. As one of skill in the art, given the disclosure in the above-referenced 
application, I would be able to make and use the claimed invention. For example, 1 would 
be able to make and use the nucleic acid of claim 1 by generating a collection of nucleic 
acida comprising anudeolide sequence meeting Uie sequence limitation of tho claims (i.c., 
a nucleotide sequence having at least 90% sequence identity to the nucleotide sequence set 
forth in SBQ ID NO:l) and assaying the eneoded polypeptide for defensive activity as 
described in the specification, for example, as described in any of Examples 4, 6, and 7. 
Further, where such a collection includod do2ons of such sequences. I would consider this 
degree of experimentation to be Toutmo rather than to bo "undue experimentation." For 
these reasons, t believe that the claims, inoluding for example, claim 1, are folly enabled 
and described by the specification. 

3. It is my understanding, as one of skill m the art. that proteins can be 
produced lhat share a relatively low degree of sequence identity—maybe eveu as low as 
70% sequence IdenUty-wltll a known protein but that have the same or essentially the 
same function. 

4. I hereby declare that all statements made herein ofmy own knowledge are 
true and that all statements made on information and belief are behoved to be true; and 
further lhat these statements were made with the knowledge that willful foise statements 
and the likearepuiiiflJiablcbyfincorimpriionment,orboth, under Section 1001 ofTitle 
18 of the United Slates Code and that such willful false statements may jeopardize the 
validity of the application or any patent Issued thereon. 
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fate: e>(~ iy 2^cT~ By . ^ /fe / 

Andre Abatl ' ' 
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